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The Loose Pulley 


T AN exhibition of power-plant ap- 
A paratus in connection with an 
engineers’ convention recently, a 
prominent operating engineer was examin- 
ing a recording device. ‘‘It is a good thing,” 
he said; “they ought to be in general use, 
but lots of such things that I find around 
are on the loose pulley.”’ 


is that?’’ I asked. 
pulley?”’ 


the loose 


‘‘Shelved, sidetracked, out of use,’’ he 
explained. ‘‘Some fellow gets a momentary 
fit of ambition; reads some circular or 
article or hears a lecture or gets set up by 
some smart salesman who convinces him 
that if he gets an indicator or recorder of 
this or that he will save tons of coal, 
thousands of dollars, and put himself in 
line to be a consulting engineer or a superin- 
tendent of power plants. And he would, if 
he used such things intelligently. But 
there has got to be brains in the outfit, 
and the machine has not got them. If 
the engineer cannot furnish them, nothing 
happens. He plays with it for a week or 
two, like a kid with a new toy, and then he 
gets tired of taking diagrams and records 
that don’t mean anything to him and puts 
it on the ‘loose pulley.” And when anybody 
asks him how he came out with it, he is 
likely to belittle the machine rather than to 
confess that he could not realize on its 
possibilities.” 


There is a world of truth in what he said. 
The efficiency of the average plant could be 
improved largely by an intelligent study of 
the results obtained in the different steps 
of converting and applying the energy of 
fuel. The necessary facts for such an 
analysis can be had only by the use of such 
apparatus. But one cannot make a poet 
out of a peasant by presenting him with a 
gold fountain pen. The need is for a com- 
bination of these instruments with the 
men who know how to use them. Where 
there are such combinations the instru- 
ments are earning big returns upon their 
cost. There are men who know how to use 
them who have not got them, and they and 
their plants would profit if their owners 
could be shown what they could accomplish 
with them. 


And for those which are on the “loose 
pulley,’”’ how many unfulfilled dreams and 
unrealized good intentions have gone the 
same way? A little thought and study, 
consultation with the makers or with other 
engineers, reawakened interest, would real- 
ize the dream that filled the engineer’s 
mind when he recommended their purchase, 
make good his representations to those who 
spent their mcney for them, improve the 
efficiency of his plant, add to his reputation 
as an engineer and help to conserve the 
fuel resources of the nation. 


bye 
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Important Features in the Design of High-Head 


Reaction Turbines 


A 30,000-Hp. Unit for Big Creek, No. 8 Development of the Southern California 
Edison Company—Leakage at Runner Seals—Leakage Around Guide Vanes— 
Draft Tube, Casing and Relief-Valve Design—Lubricating 


of Internal Parts—Governor Control 
By F. H. ROGERS 


Hydraulic Engineer, William Cramp and Sons Ship and Engine Building Company 


PPLICATION of the reaction, or Francis type, Johnson valve having an intake diameter of 6 ft. and a 
A hydraulic turbine is usually taken as fcr heads discharge diameter of 4ft.6in. This valve was designed 
up to about 600 ft., although in 1911 two tur- by the Larner-Johnson Valve and Engineering Co. and 
bines were built for the Noriega plant of the Michoacan’ was built by the manufacturers of the turbine. 

Power Co., in Mexico., for operation under a head of The Johnson valve is connected to the turbine casing 
670 ft., and there have recently been installed in the through a cast-steel pipe containing a branch connec- 
Kern River plant of the Southern California tion for the relief valve. A casing of the volute 
Edison Co., two reaction turbines designed for type, made of cast steel, is used. The movable 
a head of 890 feet. There are many difficult guide vanes are of cast steel and the runner 
problems to be solved in the successful applica- and seal rings are of bronze. The upper por- 
tion of reaction turbines to these high tion of the draft tube is of cast iron 
heads, and it is the writer’s purpose to and the lower portion is formed in the 
point out these problems and the man- concrete substructure of the power 
ner in which they have been handled in house. An oil-pressure type governor 
the design and construction is belt-driven from the 
of a unit just completed by turbine shaft and is 
the I. P. Morris Department connected by piping 
of the William Cramp and to two operating cylin- 
Sons Ship and Engine Build- ders which are direct- 
ing Co., for the Big Creek ly connected by reach 
No. 8 Development of the rods to the operating 
Southern California Edison ring mounted on the 

Co. This plant is one of a turbine-head cover. 
series of developments of The particular prob- 
the Edison company, located lems to be studied will 
at the junction of Big Creek be discussed in the 
and the San Joaquin River following order: (1) 
in California. The turbine Leakage at the runner 
just completed is the first seals; (2) leakage 
unit to be installed in this around the guide 
plant, but it is contemplated vanes; (3) draft-tube 
that the final capacity of design as affecting vi- 
the station will be about bration; (4) casing 
120,000 horsepower. ' design; (5) relief- 
The turbine is designed | valve design and pres- 
to develop 30,000 hp. under sure rise; (6) lubrica- 
a 680-ft. head at a speed of tion of internal parts; 
428 r.p.m., and is of the (7) governor control. 
vertical-shaft, single-runner Leakage at the run- 
type. It is directly connect- ner seals is an impor- 
ed to a 22,500-kw. 14-pole tant factor in the 
50-cycle 11,000-volt gene- design of high-head 
rator built by the General ’ units. This leakage 
Electric Co. Fig. 1showsa water escapes between 
sectional elevation through the periphery of the 
the turbine and draft tube runner and the sta- 
and outside elevations of | tionary parts and 
the generator and relief hence performs no use- 
valve. The water is led to | ful work. The amount 
the turbine through a pen- of this leakage de- 
stock 2,800 ft. long, haviiug pends on the pressure 
a diameter of 7 ft. at the existing at the intake 


FIG. 1. SECTIONAL VIEW THROUGH TURBINE AND DRAFT 
top and 6 ft. at the bottom, TUBE AND OUTSIDE ELEVATION OF GENERATOR to the runner and on 
at which point is located a AND RELIEF VALVE the area between the 
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runner seals and the stationary parts. The diameter of 
this runner is 78.5 in., and the effective head under full- 
load operation at this point is about 349 ft. If for this 
runner the usual type of single straight seal were used, 
the leakage at the upper and lower seals would amount 
to approximately 12 cu.ft. per sec. if a clearance of #2 in. 
were used. This leakage is 2.6 per cent of the full-load 
quantity required by the unit, and it is thus seen that 
even when the turbine is first installed this is a large 
item. The leakage can be considerably reduced by the 
use of the Moody labyrinth seal device illustrated in Fig. 


WU 


SECTION THROUGH RUNNER SHOWING 
LABYRINTH SEALS 


FIG. 2. 


2, from which it will be noted that the leakage water 
must pass througha series of six seals, at each of which 
the velocity head is destroyed owing to changes in 
section and direction of flow. Hence, the effective 
head causing the leakage is only one-sixth of the head 
for a single seal. The use of this device on this par- 
ticular runner wi!l therefore reduce the leakage to 
about 3.9 cu.ft. per sec., which is about 0.9 per cent 
of the full-load quantity. It is thus seen that the 
labyrinth seals reduce the leakage to about one-third 
of that which would occur with the single seal. 

This loss becomes of increasing importance as the 
operation of the unit is continued, since the wear at 
the seals is directly proportional to the velocity of 
flow through the seals, and as this velocity is about 
three times as great for the single seal as compared 
to the labyrinth seal, the wear at the former would 
be about three times as rapid as for the latter type. 
As an example, if after continuous operation for a 
period of a year, the original clearance should double 
for the single-seal design, the leakage would become 
about 24 cu.ft. per sec. For the labyrinth’ seal the 
increase in the clearance would be about 334 per cent, 
so that the total leakage would amount to about 5.2 
cu.ft. per sec., and hence at the end of this period the 
leakage through the labyrinth seal would be only 22 
per cent of the leakage occurring through the single 
seal. 

Fig. 3 shows a view of the runner taken from the 
discharge side and indicates clearly the labyrinth seals 
on this side of the runner. These seals are machined 
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out of the solid metal of the runner. The practice of 
attaching separate seals to the runner is in the writer’s 
opinion, a dangerous one for two reasons: First, the 
peripheral speed causes a stress in the seal ring, tend- 
ing to produce distortion, and secondly, any rubbing 
between the moving and the stationary sea!ls causes 
heating, resulting in an expansion of the runner seals. 
Either of these conditions would probably result in 
the failure of the seal ring and serious damage to the 
runner or other internal parts. Even from the view- 
point of renewal there is little necessity for separate 
seal rings, as the purpose of the labyrinth seal is to 
reduce leakage and hence wear to a minimum. 


LEAKAGE AROUND GUIDE VANE 


In the usual design of guide vane a constant flow 
occurs between the top and bottom. of the vane and 
the distributor plates, and as this water is not prop- 
erly guided by the vane, it strikes the runner vanes 
at an incorrect angle, causing considerab’e danger of 
cutting and pitting. For the same reason, when the 
guide vanes are closed, this leakage continues and will 
cause not only cutting on the runner vanes, but also 
wear on the distributor plates and the top and bottom 
of the guide vanes. It has been found in the case of 
high-head turbines that this leakage with the guide 
vanes closed, is often sufficient to keep the turbine run- 
ner rotating at considerable speed, so that it is neces- 
sary to close the penstock valve in order to bring the 


FIG. 3. VIEW OF RUNNER FROM DISCHARGE END 


unit to rest. The guide vanes furnished for the South- 
ern California Edison unit are of a special type, known 
as the Overn disk vane. A view of one of these vanes 
taken in the shop is shown in Fig. 4, from which it 
will be seen that two heavy disks are cast at the junc- 
ture between the vane and the upper and lower stems. 
When installed in the turbine, the faces of these disks 
are flush with the distributor plates, so that without 
disturbing the normal flow, they prevent any flow above 
or below the guide vane proper except for that small 
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portion of the vane which extends beyond the disk. 
By this means practically all the water is guided to 
the runner vanes at the proper angle and the danger 
of cutting the runner vanes, the guide vanes or the 
distributor plates is greatly reduced. For the same 
reason, when the vanes are in the closed position, there 
is very little leakage. This design further permits of 
. a very much stronger bond between the guide vane and 
: the steam, as the iarge diameter of the disk permits 


FIG. 4. GUIDE VANE OF THE OVERN DISK TYPE 
Sf ample area between the disk and the guide vane, which 
- is very difficult to obtain in the usual design of vanes 
commonly used. 


DRAFT-TUBE DESIGN 


With this unit the draft tube provided is of the 
Moody spreading type, and by referring to Fig. 1, it 
will be seen that this design of tube meets the follow- 
ing important requirements: (1) The axis is a 
straight line coincident with the axis of the turbine; 
(2) the surrounding walls are surfaces of revolution 
‘about this axis; (3) the areas normal to the axial 
components are gradually enlarged and the tube spreads 
out symmetrically from the top to the bottom, result- 
ing in a gradual and continuous deceleration in both 
the axial and whirl components of velocity. In a high- 
head unit such as the one under consideration, a low 
specific-speed runner is used, so that the velocity to 
be regained in the draft tube is relatively small and, 
therefore, the draft-tube design might be considered of 
little importance. For the load at maximum efficiency 
this may be more or less true, but when operating such 
a unit at part loads, there is a considerable whirl 


component of velocity which is lost in draft tubes of 
the curved type, but efficiently regained in the spread-— 


ing draft tube, resulting in a considerable gain in effi- 
ciency. 

A much more important consideration, however, is 
that of vibration. With common designs of draft tube, 
the whirl components at part gates produce eddies and 
vortices which cause changes of flow in the draft tube 
and similar changes through the runner and in the pen- 
stock. These velocity changes occur with great fre- 
quency and result, in the case of long penstocks, in 
considerable instantaneous pressure variations and a 
resulting shock in the unit. This is not an unusual 
condition in existing plants in this country. It is fre- 
quently found that in high-head plants where the tur- 
bines are provided with curved draft tubes, vibration 
in the unit is noticed at certain gate openings when 
there is an absolutely steady load on the turbine, and 
under these conditions a pressure gage attached to 
the casing will show rapid variations in pressure of 
15 to 25 lb. per sq.in. The use of the spreading draft 
tube recovers the whirl components of velocity and 
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therefore prevents the formation of the eddies and 
vortices, resulting in steady flow and consequently an 
entire lack of vibration or pressure change in the unit. 


CASING DESIGN 


It was necessary, for shipping reasons, to split the 
casing of this unit into three sections, these sections 
being connected by heavy flanges and bolts in order 
to prevent leakage. In usual designs a separate speed- 
ring casting is bolted to the upper and lower flanges 
of the casing, this speed ring consisting of an upper 
and lower crown connected by heavy speed-ring vanes 
cast integrally with the crowns. The purpose of this 
speed ring is to stay the throat of the casing. When 
such a speed ring is used and the casing is made in 
two or more sections, it is only possible to carry the 
bolts on the radial joints into the speed-ring flanges. 
Hence, there is a considerable length on the radial 
p'ane near the throat of the casing which is unsup- 
ported, with the result that very heavy loads are con- 
centrated on the bo:ts. For high-head units such as 
the one under consideration, this heavy load often 
results in stretching the bolts near the speed-ring 
flanges, causing a leakage. This difficulty was obviated 
in the Southern California unit by casting the speed 
ring or stay vanes integrally with the casing. By using 
special care in the steel foundry and by annealing the 
casing sections, the initial strains in these vanes are 
removed, and by this means it is possible to carry the 
bolts in the radial flanges almost all the way to the 
throat of the casing. Fig. 5 shows a view of this cas- 
ing in the shop and clearly indicates the position of 
the speed-ring vanes and the bolting on the radial 
flanges. Fig. 6 is a general view in the shop, of the 


casing erected with the Y-pipe connection for the relief 
valves, the head cover, operating ring, guide vanes 


FIG. 5. VIEW OF CASING, SHOWING POSITION OF 
SPEED-RING VANES 


and levers. This casing was tested in the shops to a 
hydrostatic pressure of 600 lb. per sq.in. and under 
this pressure showed no leakage whatsoever. 


RELIEF-VALVE DESIGN 


For high-head units having long penstocks very ex- 
cessive pressure rises will occur when loads are thrown 
off the unit unless the relief valve functions properly. 
For the unit under discussion the penstock is 2,800 
ft. long, having a diameter in the upper sections of 
7 ft. and in the lower sections of 6 ft. If full load 
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is thrown off the unit and the governor is adjusted to 
close the gates in three seconds it is calculated that a 
pressure rise of 838 ft. will occur at the turbine cas- 
ing. Fig. 7 shows the changes in pressure at the lower 
end of the penstock resulting from opening or closing 
of the turbine gates. These curves were calculated 
by formulas originated by N. R. Gibson’ and R. D. 
Johnson,’ which formulas the writer believes give the 
only accurate method for calculating pressure changes. 

As already stated, it will be noted from this curve 
that for full load off the turbine and with the relief 
valve not in operation, the maximum pressure rise 
will amount to about 838 ft., which is more than 100 
per cent increase over the normal head. The curves 
are based on’a governor time of three seconds, and 
if the governor were adjusted for a quicker time of 
operation, the pressure rise would be even more severe. 
The importance of a reliable relief valve for such 
units is therefore self-evident. Fig. 8 shows the relief 
valve furnished with this unit, and in Fig. 1 is indi- 
cated the manner in which this valve is connected to 
the unit. The relief-valve disk is mechanically con- 
nected through a piston rod, heavy links, lever and 
reach rod to the operating ring on the turbine-head 
cover. When the turbine gates are at rest, the valve 
disk is held in the closed position by means of the 
pressure on the bottom of the large balancing piston 
contained in the cylinder immediately above the relief- 
valve elbow. This balancing piston is larger in diam- 
eter than the valve disk and hence keeps the valve 
tightly closed with practically no leakage. When the 
turbine gates close, the relief valve is forced open by 
means of the turbine operating cylinders through the 
direct mechanical connections described in the fore- 
going. In order that the relief vaive may act as a 
water-saving device, an oil dashpot is interposed be- 
tween the balancing piston and the links. This dash- 
pot has a small bypass connection around the piston and 


FIG. 6. VIEW OF CASING, SHOWING “Y” PIPE CONNECTION 
FOR RELIEF VALVE 


is provided with a needle valve for adjustment. For 
quick-closing movements of the turbine gates the dash- 
pot therefore does not come into action and the relief 
valve opens in exact synchronism with the gates. After 
the gates have closed, however, the small bypass on 
the dashpot permits the relief valve to close at a 
sufficiently slow rate to prevent excessive pressure rise. 
It wil be noted by referring to Fig. 7 that if the 
needle valve on the dashpot is adjusted for full stroke 


Pressure in Penstocks Caused by the Gradual Closing of the 
Turbine Gates,” Proceedings of the American Society of Civil 
Engineers, April, 1919. 

“Discussion of N. R. Gibson’s paper by R. D. Johnson, Proceed- 
ings of the American Society of Civil Engineers, August, 1919. 
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of the relief valve in 30 sec., the pressure rise due to 
the relief valve closing amounts to only 70 feet. 

In some former designs of relief valves this direct 
mechanical connection is not used and the relief valve 
is operated by means of a pilot valve connected to the 
turbine operating ring, which relieves the pressure un- 
der the balancing piston and permits the vaive to open. 
With such designs there is considerable danger of a 
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failure of the relief valve to open in case the small pilot 
valve becomes jammed or the water passages leading 
through the pilot valve become clogged with dirt. There 
is also the danger in such designs of an obstruction be- 
coming lodged below the relief-valve disk, preventing it 
from opening. Under any one of these conditions, if the 
load is dropped on the unit, the turbine gates are close | 
by the governor without a corresponding opening of 
the relief valve, resu‘ting in excessive pressure rise 
and danger of a failure of the turbine casing or the 
penstock. 

With the mechanically connected valve provided for 
this unit, these dangers are entirely eliminated, for 
there are no small valves to become jammed or clogged 
and in case an obstruction in the relief valve itself 
prevents the valve from opening, the turbine gates 
are at the same time prevented from closing excepting 
at the very slow rate at which the oil in the dashpot 
can be bypassed through the smal needle valve. All 
parts of the mechanical connection between the relief 
valve and the turbine operating ring are designed of 
sufficient strength to take care of the full load from 
the turbine operating cylinders, and it is therefore 
believed that this design of valve is as nearly foolproof 
or accident proof as can be designed. 


LUBRICATION OF INTERNAL PARTS 


The only internal moving parts in a turbine of this 
type which require lubrication are the guide-vane 
shanks. It will be noted from Fig. 1 that for each 
guide vane three bearings are required, one imme- 
diately below the vane, the second immediately above 
the vane and the third near the top of the guide-vane 
shank be'’ow the lever connection. The two lower bear- 
ings operate under a high hydraulic pressure in the 
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particular unit under consideration, this pressure 
amounting to 150 lb. per sq.in. The usual method of 
lubricating these bearings has been by means of small 
independent grease cups. Under high pressures it is 


very difficult to force grease into such a bearing by 
means of a grease cup, and even though a wrench be 
used on the cap of the grease cup, it is uncertain as 
to whether any grease is forced into the proper bear- 


ing. On a turbine 
containing 30 guide 
vanes there would 
be required 90 
grease cups, and 
from the viewpoint 
of the operator 
there is consider- 
able labor involved 
in the constant fill- 
ing of these many 
small grease cups. 
There is no way of 
determining wheth- 
er these bearings 
are obtaining any 
lubrication without 
dismantling the en- 
tire turbine, and 
the unit may be 
operated for a peri- 
od of one or two 
years or more be- 
fore there is an op- 
portunity to dis- 
mantle the unit and 
make an inspection 
of these bearings. 
The consequence is 
that considerable 
wear occurs at the 
guide-valve bear- 
ings, which results 
not only in a leak- 
age of water at these points, but also in lost play in the 
operating mechanism, causing hunting of the governor. 

To overcome these difficulties in the case of the 
Southern California unit, the Taylor pneumatic lubri- 
cating system is installed for the guide-vane bearings. 
This consists of a large air-operated grease gun con- 
nected by piping to each guide-vane bearing, a sep- 
arate valve being located in this piping at each bearing. 
In lubricating these bearings, therefore, it is only 
necessary for the operator to admit the air pressure 
to the grease gun and then to open and close, one at 
a time, each of the 90 valves. With a pressure of 
200 lb. per sq.in. on the grease gun this method gives 
a positive assurance of a proper amount of grease 
being fed into each bearing. The lubrication of all 
the bearings is thus easily accomplished without phys- 
ical effort by the operator, and it is only necessary 
to refill the large grease gun at infrequent intervals. 
By reason of this definite and positive means of sup- 
plying grease to the bearings, wear at these points 
is reduced to a minimum. 


FIG. 8 RELIEF VALVE 


GOVERNOR CONTROL 


The governor furnished with this unit is of the I. 
P. Morris double-floating-lever type No. 2, incorporat- 
ing a number of new features developed by the author. 
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This governor is supplied with oil under pressure from 
the motor-driven rotary pumps and is connected by 
suitable piping to the accumulator tank and the two 
operating cylinders of the turbine. Fig. 9 shows a 
view of the governor assembled in the shops. It is of 
heavy and powerful construction in order to harmonize 
with the unit it controls. The hand-control mechanism 
is mounted on the governor base and is shown in Fig. 
9 as a small pedestal on the left-hand side. No matter 
how carefully the governor may be designed and built, 
there is always danger of trouble occurring due to lost 
motion, pilot valve sticking, governor belt breaking 
or other causes, and under these conditions it is al- 
ways desirable for the operator to be able to take the 
unit off governor and place it on hand control as quickly 
as possible. 

With former designs this change over from governor 
to hand control usually entails the closing of three or 
four large governor valves and the opening of three 
or four smatler hand-control valves under high pres- 
sures. This takes considerable time, and in case of 
an accident to the governor where the operator be- 
comes excited, there is always a chance of manipulating 
these valves in wrong sequence and thus entirely losing 
contro! of the unit which is something to be avoided 
if possible. 

The governor in Fig. 9 is furnished with an auto- 
matic device known as the Taylor centrol system, con- 


Fria. 9. 


VIEW OF GOVERNOR ASSEMBLED IN SHOP 


sisting of plunger valves in the governor base stand 
operated by oil pressure from the governor system. A 
sing-e movement of the lever shown near the top of 
the hand control pedestal automatically operates all 
the valves at the same time, closing the governor valves 
and opening the hand-control valves. This permits a 
change over from governor to hand control to be made 
in the fraction of a second and also avoids all danger 
of runaway or difficulties due to loss of control of the 
unit during the shift over. 
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A Dream Engine 
By CHARLES HURST 


In odd moments I have planned how I would design a 
reciprocating steam engine if I had a perfectly free 
hand, a nice little drawing office at my command and a 
well-equipped factory capable of turning out work of 
the highest class. I am not now very much concerned 
with reciprocating steam 
engines, as my professionai 
work runs in other channels, 
but I was brought up on the 
tify stationary steam engine, and 

MO: Whe I retain an old affection for 
this fascinating and, in some 
respects, mysterious prime 
mover. Here, then, is my 


oe | J “dream engine,” and if some 
a of the ideas are extravagant, 


FIG. 1. HEAT INSULATION bear in mind it is but a 
OF CYLINDER BEARINGS dream, that if the sugges- 

tions are not commercially 
practicable they may lead to healthy discussion and 
possibly may set others dreaming in a similar fashion. 
Sometimes the dreams of today become the realities of 
tomorrow. 

In making my ideal engine, I shall design for a stop» 
valve pressure of 250 lb. and a superheat of about 120 
deg. F., and whether it is a unaflow or the ordinary 
four-valve engine does not matter very much, as the 
ideas are applicable to each type. In the case of the 
four-valve engine I would make a horizontal four 
cylinder triple, with cranks at right angles; that is, 
there would be a high-pressure cylinder and one lowe 
pressure cylinder tandem on one crank, and the inter 
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POPPET VALVE FOR “DREAM” ENGINE 


mediate and other low-pressure tandem on the other 
crank, speed about 200 r.p.m. If I built a unaflow 
engine, it would have two cylinders with cranks at right 
angles. Then, when the engine was built, I would erect 
it in a lofty power house, free from dust, with a tiled 
floor, a beautiful switchboard, glass office for the chief, 
baths for the operating staff, and I would appoint a very 
kind, experienced old chief, gray with years and 
knowledge, and a stout band of loyal enthusiastic boys 
to help him. 

I should make the heat insulation as perfect as pos- 
sible. Where the cylinders were bolted to the bed or 
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foundation, I would employ collars so as to allow a 
thick sheet of non-conducting compound between them, 
as shown by Fig. 1. The cylinder laggings would be 
carefully provided throughout and would not be allowed 
to touch the hot metal at any point. But the big 
features would be in the valve gear and cylinders. In 
my opinion there is only one really tight form of valve 


Steam chest 


Unbaianced, y pressure 


pressure 


Exhaust valve 
opens Unbalanced 
pressure 

SMALL UNBALANCED PRESSURE ON 
POPPET VALVES 


FIG. 3 


in existence. That 1s the single-faced poppet valve, such 
as employed on internal-combustion engines, and this 
type, with certain modifications, I should adopt. Fig. 2 
shows my ideas. It will be noticed that both valve and 
seat are rounded to give a smooth steam flow, the top 
of the rounding on both valve and seat being slightly 
flat for a width of about *% in. With this form of valve 
and seat I should not hesitate to calculate on a steam 
velocity of 500 ft. per sec. through the seats, and by this 
means have small valves and small clearance. All sur- 
faces exposed to the expanding steam in the cylinder 
would be smooth machined, and in the case of exhaust 
valves there would be very little condensing surface 
exposed. In the exhaust valves I should adhere to 
present practice for area of valve opening. By reason 
of the small clearance and the high compression 
employed, the steam valves would open with very little 
effort, as will be understood by a reference to the 
diagram, Fig. 3. 

The valve gear would be controlled by a powerful 
inertia governor mounted on the side shaft, varying the 
throw and position of the steam eccentrics in accordance 
with the load. Rolling levers would be used for both 
steam and exhaust valves, so that at the instant of 
opening the valve gear would have a_ favorable 
mechanical leverage, and there would be no reaction of 
the governor. 

The engine would be fitted with ball bearings through- 
out. In the crankshaft this would effect an improve- 
ment in reducing the distance from center of crank in 
to center of bearing in a direction parallel with the 
axis of crankshaft. Ball bearings on each side of the 
cranks would be provided, and the cranks would be 
forged solid with the shafts. The connecting rods would 
be made of high-tension steel, of I-section to reduce 
weight, and by careful design they could be cut down io 
at least half the weight of an ordinary rod and the run- 
ning would be improved. Balance weights would be 
attached to the crank webs. The piston rods would be 
made of special nickel steel to reduce the diameter to a 
minimum, thus cutting down heat losses and leakage. 

Finally, the whole engine would be of the highest 
finish throughout. There would be no soft packings 
whatever. The lubricators and fittings would be nickel 
plated, ane the bed painted with bronze-green enamel. 
A steam-flow meter, numerous thermometer pockets, 
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speed recorder, water-measuring tanks and every 
appliance for exact testing would be included. 

Steam consumption? Well, I should hope to reach 
about 113 lb. per kw.-hr. and maintain it for many 
years. 

Are there any other engineers who have had their 
dream engines? 


Reports, Records and Meters 
By W. W. EDSON 


There is a large field for improvement and growth in 
the use of meters and reports around the smaller power 
plants. These do not actually save money or coal any 
more than druggist’s scales write prescriptions, but 
they are of value in indicating or measuring losses and 
gains; in measuring what is produced and what is sold, 
thus enabling the cost and selling price to be deter- 
mined; in showing what, when and why something took 
place, and in showing that the men made the proper in- 
spections and repairs. A few of the purposes of the 
more common meters and their recording charts are 
as follows: 

A graphic kilowatt meter shows the time and extent 
of peak and valley loads, time and duration of interrup- 
tions of service, serves as a check on watt-hour meters 
and is used for the purpose of showing when to run 
different equipment. 

A graphic steam-pressure meter is a check on the fire- 
men, especially at night. It shows the time and dura- 
tion of interruption to the steam supply and registers 
the steam pressure. The efficiency of the entire plant 
from the operating standpoint depends somewhat on 
an even steam pressure. 

Graphic feed-water thermometers show under what 
condition the best temperature was obtained and serve 
as a check on the performance of the heater and the 
feed pump. The boiler-plant efficiency depends on the 
feed-water temperature. The temperature chart is used 
in getting the average of the day. 

Graphic feed-water flow meters are used in mak- 
ing efficiency calculations and to check the performance 
of the heater and the feed pumps. 

A graphic draft gage is used to check the condition 
of baffles, soot on the tubes, proper draft, frequency and 
manner of firing, etc. 

Grahphic flue-gas thermometers are used in calculat- 
ing combustion data and to check the proper amount of 
air, condition of the baffles, soot on the tubes, scale in 
the boiler, etc. 

Flue-gas analyzers are used in calculating combustion 
data, to check the presence of air leaks and are especi- 
ally useful in deciding upon the proper method of 
firing, the thickness of the fire to carry, the amount of 
draft, etc. 

The plant-capacity factor equals the average power 
for 24 hours divided by the rated capacity of the plant. 
The higher this factor becomes, the less effect the fixed 
charges have on the cost of generating electricity per 
kilowatt-hour. 

The maximum-demand factor equals the maximum 
15-minute load divided by the rated capacity. This 
shows if the proper size units are available. 

Pounds of steam per kilowatt-hour indicates the efii- 
ciency of the turbo-generator. Pounds of water per 
pound of coal indicates the efficiency of the boiler and 
furnace. Pounds of coal per kilowatt-hour indicates the 
combined efficiency of the plant. 
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A list of reports and records to be kept in a 1,000-kw. 
plant or smaller is suggested as follows as a guide to 
those interested: 


Man 
Responsible Name of 
for Report Report Items Included on Report 


Fireman....  Coal....... Pounds, bushels, or loads of coal burned per shift 
Engineer... Blue....... Condition and cleanliness of plant, machinery, an} 
fires at beginning and end of watch. 
Meter readings 
Supplies and oil used or needed 
Repairs made or suggested 
Interruptions of service and causes 
Hours run for each unit 
White...... Time and overtime for each man 
Total daily meter readings 
Amount of coal on hand . 
Report on service interruptions, repairs made or 
needed, and supplies used or needed 


i Bilonsrédaralace Station..... If required by State Public Service Commission 
Similai to white report 

3 Supplies... . Date box received, shipper, order number, condi- 
dition and contents 

Charts 

Chief...... Permanent.. A record for each machine, showing name and 


address of maker and shipper, date received, cost, 
cost of installing, size and rating, dimensions, 
weight, location in plant, plant number, and data 
relative to pipe or wire sizes, connection diagrams, 
materia} in various parts, sizes of packing, tubes, 
etc., and any other information needed 


Chief... Operating... One sheet for each unit. Shows date and output. 
Repai s. Changes. Cleaned. Inspected. Oil 
changed. 
Lineman... Workecards. Timeand supplies used on each job 
Meter cards. Information relative to meter tested ; 
Necessary reports and records for State Public 
ommission. Correspondence file cata- 
alogs 
Timebook 
Bill file 
File of information on all contracts, etc., in the 
safe 
File of permanent plant data 
File of complaints made by customers 
File of accidents 
File of data and curves calculated, as required 
(see list above) 
—~ reports showing kilowatt-hours gener- 
at 
Kilowatt-hour commercial lighting 
Kilowatt-hour industrial power 
Kilowatt-hour city lighting 
Kilowatt-hour city power 
Kilowatt-hour plant power 
Kilowatt-hour plant lighting 
Kilowatt-hour lost 
Kilowatt-hour total sold 
REVENUES 
EXPENSES 
Item Amount Per Kw.-Hr. Gen. Per Kw.-Hr. Sold 
Maintenance and 
Interest. .... 


Depreciation... . . . 
Total expenses... . 


Net income....... 
Extension........ 
Outstanding debts. 
Surplus or deficit. . 


Obviously, the expenses should be charged on the 
books to such items as power, transmission, distribu- 
tion, consumption, commercial, general, undistributed, 
depreciation, interest, etc. 

Curves should be plotted from day to day showing 
the daily total kilowatt-hours generated and the load 
factor which equals the average power for 24 hours 
divided by the maximum load for 15 minutes. The 
larger this item the more efficient the plant becomes. 
A shift of a load from one part of the day to another 
may raise this factor. It indicates the percentage of 
reserve power of the plant which must be kept con- 
stantly available. 


b 
h 
h 
0 
t 
I 


Augus 
hand 
what 
that 
me is 
Th 
over 
boy. 
had 
cushi 
on tk 
goin 
douk 
A 
| wi 
| | th 
it 
| 
in 
| 


August 16, 1921 


The Plant That Died of Improvements 
By JOHN S. CARPENTER 


“Say Pop!” cried Jimmy, shaking the old Chief’s 
hand with great vigor, “tell us where you’ve been and 
what you’ve been doing! You’ve been away so long 
that I’ll bet the boys who read Power think you an’ 
me is dead.” 

The grizzled old warrior of the hydro plant peered 
over his glasses with eyes full of gay malice at the 
boy. He handed Jimmy a duplicate unit to the one he 
had already lighted and seated himself in his old 
cushioned chair, grunting with satisfaction to be back 
on the old job. 

“Well sir, I’ve been up to Squantumville on that new 
Tukkyhoe plant. It sure is a daisy, but I guess they’re 
goin’ to close ’er down. She’s died of improvements.” 

“Of what?” Jimmy regarded him with mirthful 
doubt. It was some seconds before he could bring his 


“AN’ EVERYTHING GOES ALONG SMILIN’ UNTIL THE BIRD 
SUDDEN-LIKE CASHES IN” 


wits to focus on the old man’s thought. 
that sure is a new one on me. 
it a whole lot better than that.” 

“Huh!” Pop grunted. “Ain’t you heard tell of 
patients that has been operated on fer this and fer 
that, an’ ain’t the doctor’s bulletins showed ’great 
improvements’ after the thing was did? An’ everything 
goes along smilin’ until the bird sudden-like cashes in!’ 

Jimmy nodded, seeing a great light. He had just 
noticed that Pop’s mustache was gone. 

“Now, that there plant ain’t such a big one, an’ 
between you an’ me it could have been put in fer about 
half the price it really cost them. But they got a new 
hydraulic engineer down the main office, an’ him bein’ 
one of them up-to-the-minute on everything new in 
this business, he sets to work an’ puts up a model 
plant. He advertises fer bids on the machinery equip- 
ment an’ everything. He gets all them cute salesmen 
in his parlor an’ they talk him deef, dumb an’ blind. 
I seen him after one of them birds just let him loose 
an’ you’d a thinked that he had just took dope. ‘It’s 
gonna be great, Pop,’ he tells me, ‘2 per cent here, 
5 per cent there, a 90 per cent turbine an’ a peach of 
a new-fangled draft tube.’ An’ old timer like me has 
to give in when they springs that kinda news. I’m too 
far behind the times.” 

“Is it all true, Pop?” asked Jimmy, a bit dazed by 
the big talk. 


“Well, Pop, 
You'll have to explain 
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“Well son, when I sees how the engineer succumbed 
to that kinda mental chloroform, I guesses as how I 
better take, turn to, an’ learn somethin’ of the new 
improvements. I asks him if he’d mind coachin’ me up 
a little, an’ he bein’ one prince of a chap, he says, 
‘Sure thing!— and what’s more I want you in on the 
next conference—I want you to know what’s going on 
—you’re the boy that’s going to run the plant.’ That 
was more than I really wanted. After that I felt as 
if I’d owed him somethin’; he sure bought me out that 
time!” 

“What are the hydraulic conditions there, Pop?” 
Jimmy was now so interested that he puffed absent- 
mindedly at a cigar that was cold and stale. 

“Why it’s 2,000 hp. in two units under 25-ft. head, 
the generators runnin’ at 157 r.p.m.” 

“Oh, I see! I thought it was something pretty big.”. 
Jimmy woke up and lighted the cigar. 

“Well, I got in the next conference with the bird 
who I was tipped off on the quiet was to get the con- 
tract. He could get a talkin’ machine rattled. When 
they started the victrola goin’, I did nothin’ but listen. 
I asked myself if all them luxuries was goin’ to cost 
them much, or was it one of those bids that this here 
turbine factory was goin’ to give us the benefit of 
their brains on to get the job. Pretty soon I felt 
myself slippin’. That salesman pulls out a lotta tests 
made on an experimental plant, a much lower head 
than ours. He says, ‘If this thing works as good as 
this on a model-sized plant, how much better it’ll work 
on your full-sized plant!’ I asked him, ‘We like this 
dope all very fine, but what will this cost us compared 
with the ordinary standard type of equipment?’ 

“The look he gave me was the kind you hand any- 
body that’s just sprung somethin’ terrible. He says: 
‘My dear sir, you want to get the very most out of | 
your water rights—you want every drop that goes 
through the turbine to sweat blood giving up all the 
power there’s in it—and you want the very last word 
in equipment in order to accomplish this. You want 
every kilowatt there’s to be gotten to send out over your 
lines and save your company all the coal you can.’ He 
subsides after that an’ sees it sink in on me. 

“ ‘Now,’ I says to our engineer, ‘how do the other bids 
stack up with this man’s? Can’t the other people give 
us the same stuff?’ 

“There was the salesman’s cue. ‘Why no!’ he snaps, 
‘not at all! This apparatus is all covered by letters 
patent—we’ve got about twenty on this thing alone— 
got it so sewed up that our competitors couldn’t get 
in with a shoehorn!’ After that I kept still, but I was 
aboilin’ over inside 0’ me. That bird had his say and 
he went out. 

“I sat with our man fer the rest of the afternoon. 
We went over all the bids—had to forget two of ’em 
because they were offerin’ the ordinary type of unit 
like we got in this plant. They just proposed the square- 
box open-flume setting with the old-style steel draft 
tube, which would have satisfied me under those low- 
head small-power conditions, but the engineer says ‘No!’ 
with a big N. It all lay between two bids. Both had 
all the latest trimmin’s, but our engineer’s choice was 
the one offered by the human victrola; because he told 
us confidentially that his firm was gonna bring suit 
on the other man for patent infringement. He scared 
our man stiff when he asks him if we want to get in 
on the suit an’ get an injunction out on us.” 
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“I suppose, Pop, that spilled the beans,” declared 
Jimmy, seriously. 

“Yep,” snapped Pop, “that cooked the pie. That was 
almost a year and a half ago; everything is runnin’ fine. 
They’s no question at all but what they fulfills all their 
guarantees.” 

“But—but where’s the hitch, Pop?” asked Jimmy, 
waiting for the climax. 

“Huh!” the old Chief grunted, “first place the 90 per 
cent turbine cost us 35 per cent more than the standard 
87 per cent machine; the turbine builder was sure 
goin’ to play safe so he’d meet his guarantees, so he 
saddles our old power company with the cost of cutting 
down the velocity in the penstock; makin’ fancy curved 
concrete work on the racks so the water wouldn’t lose 
much head in goin’ through them; buildin’ a pretty 
spiral case in concrete an’ makin’ us excavate good an’ 
deep in the tailrace, besides a expensive-formed con- 
crete draft tube on which we pays a gold-tasseled 
royalty per horsepower; all of which costin’ us more 
than we can sell the juice for an’ meet competition.” 

“Ha, Ha!” Jimmy laughed, comprehending. 

“Then, you sees, it never rains but it pours! That 
new power company three miles downstream puts in a 
new plant with standard cquipment, designs their work 
conservative an’ has us beat sellin’ juice. We figured 
out all our costs an’ are findin’ out that they underbid 
us 15 per cent for power an’ ain’t half sold out yet. 
Their units don’t give n> 90 per cent efficiency, bu: 
they sure do give ’way up in the eighties, an’ I betcha 
in less than two years from now ours won’t be doin’ any 
better. Squeezin’ that last 2 per cent outa the water 
is tall pushin’.” 

“What does our engineer say?” asked Jimmy. 

“He ain’t said much a-tall, but I’ve gotta hunch that 
when he gets any ideas like that again on a small plant, 
he’s agonna whisper it to the transmission towers an’ 
listen to what they sings in the wind. 

“Also, son, mind yer don’t think I’m one of them 
kind which don’t believe in the best of generatin’ equip- 
ment, but here’s when it don’t pay to go into all them 
there refinements.” 

Jimmy studied the thought for a few moments. “And 
they’re going to shut the plant down?” 

“Not quite, son, but the company’s pretty sure they 
can sell the plant to that new automobile factory who’ll 
be glad to get it.” 


A Quick Shaft-Repair Job in a 
Textile Printing Works 
By Z. BRADSHAW 


At a large textile printing works a serious break- 
down occurred some months ago. A fracture was 
discovered in the cast-iron main driving shaft, rotating 
below the floor level and centrally underneath the 
whole battery of printing machines. This break, for- 
tunately, took place in close proximity to a bearing, 
otherwise the job would have presented greater diffi- 
culties. 

The plan view indicates the position of the shaft at 
the broken section. Owing to the congested space in 
which the accident happened, the works engineer was 
confronted with a difficult problem, because two im- 
portant factors were to be considered. One was how 
to withdraw the longest portion of shaft without dis- 
mantling a large quantity of complicated and nicely 
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adjusted machinery; the other was how speedily to 
effect the repair so that none of the factory plant would 
be forced to shut down. 

An outside engineering firm quoting for the repair 
job—that is, the operation of taking out and fitting 
a new 14-ft. length of shafting—estimated that it 
would take at least seven days. This long period of 
waiting was unthinkable. The works engineer solved 
the problem in the following manner: 

The small length of broken shaft with the spur wheel 
keyed on was removed to the repair shop and necked 
down in the lathe to a smaller diameter to receive 
half of a new flanged coupling. The second operation 
was to rotate the long length of shaft without removing 
it from its bearing and to receive the companion half 
of flanged coupling. First of all two timber beams 
were fitted with props and secured by means of wedges 
into the whee! race as shown at A. 

A cross girder B was placed on these two beams and 
on the girder was fitted a lathe compound tool rest. All 
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LAYOUT OF SHAFTING AND WAY OF TITRNING 
END OF SHAFT 


that was now necessary was to find some method of 
rotating the long part of the broken shaft. A 4-hp. 
steam engine was procured and the belt connected to 
the end of the lineshaft as shown. The engine was 
held to the floor with convenient weights and con- 
nected to the mill steam supply. The shaft was then 
faced on the end and turned down. As the machining 
was in progress, the engineer in charge was busy 
chasing about for a new coupling. Fortunately, a local 
company had one in stock. Cutting the required key- 
way in the shaft and in the coupling and fitting the 
latter in position finished the repair, which was com- 
pleted 34 hours from the time of the breakdown, which 
luckily occurred at the end of the week. By putting: 
in night work on the job everything was ready for 
Monday morning, much to the surprise and satisfaction 
of the management. 


An economical use for exhaust steam is found in 
Berlin, where all the hot water for certain public baths 


is obtained from an electric-power plant three-fourths 
of a mile away. 
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Some Practical Refrigeration Problems 


By C. H. HERTER 


a new assistant engineer in a large New York ice 

plant, the question of the proper rate of water cir- 
culation over the cooling tower and atmospheric 
ammonia condensers, also the work required from the 
compressor, came up. The problems were worked out 
in detail and may possibly be instructive to others who 
desire to know the “reasons why” in mechanical refrig- 
eration. As it would take considerable space to analyze 
the design and performance of condensers, only the item 
of the quantity of heat to be abstracted per ton of work 
done is gone into at this time. 


[: DISCUSSING various refrigerating problems with 


THE ENGINEER’S PROBLEM 


The engineer propounded this question: “How many 
heat units must be removed from one pound of ammonia 
gas at atmospheric presure and 80 deg. F. to liquefy it?” 


238° F 
= Lyd 
=E ) 
re 60°F 


Using first cold water and then other ammonia at 
some temperature colder than —28 deg. F., it would be 
possible to remove the 80 — (—28) or 108 deg. of 
superheat and the latent heat at —28 deg. from the 
pound of ammonia. Referring to the tables, it will be 
noted that Q, the heat content of ammonia vapor at 14.7 
ib. absolute with 100 deg. superheat, is 588 B.t.u. When 
the ammonia is dry saturated—that is, with no super- 
heat—the total heat content is 537.5 B.t.u. Thus 
the heat of superheat is 588 — 537.5, or 50.5 B.t.u. per 
pound for 100 deg. of superheat, which means that the _ 
specific heat of superheated ammonia vapor in this 
range is 0.505 B.t.u. per degree F. For the total 108 
deg. of this problem it would be 54.5 B.t.u. To this must 
be added the latent heat of evaporation L at 14.7 lb. 
pressure and —28 deg. F., equal to 607.3 B.t.u. Con 
sequently, liquefying a pound of ammonia at 14.7 lb. 
absolute pressure and superheated 108 deg. will require 
a removal of 607.3 + 54.5, or 661.8, B.t.u. If one makes 
use of Bureau of Standards ammonia tables, the latent 
heat of evaporation at 14.7 lb. is 588.8 B.t.u. The heat 
to be removed is then 588.8 + 54.5, or 643.3 B.t.u. Thus 
the difference in results of the calculations is only 18.5 
B.t.u., or 2.4 per cent. Until the Bureau of Standards 
tables include the properties of superheated ammonia, 
one may work with two sets of tables to receive greater 
accuracy, using the Bureau of Standards tables for 
saturated ammonia and Keyes & 
Brownlee’s or Goodenough’s super- 
heat tables. Turning from the fore- 


going hypothetical case to a more 


practical example as met with in 


the ordinary plant, we determined 


the amount of heat to be removed 


Cooling coils 


by cooling water per ton of refrig- 
eration done at 20 lb. gage evapo- 


111, 282 
205 


J 


TEMPERATURE AND PRESSURE CONDITIONS IN A 
REFRIGERATING SYSTEM 


His own answer was 628.12 B.t.u., while by the writer’s 
calculations the lowest figure was 643.3 B.t.u. 

In ordinary refrigerating plants the question as put 
is not likely to come up because the liquefying within 
the condenser is being done by the combined action of 
pressure much above atmospheric and the removal of 
heat by cooling water. No attempt is made in practice 
to liquefy ammonia under a compression pressure of 
14.7 lb. absolute (0 gage). Under this low liquefaction 
pressure the boiling temperature (using Keyes & 
Brownlee’s ammonia tables, 1916, which include the 
properties of superheated ammonia, De La Vergne 
Machine Co. catlog) is —28 deg. F. 


rator pressure and 190 lb. gage 
liquefaction, or condenser pressure. 
At 34.3 lb. absolute (19.6 Ib. gage pressure) within 
the ammonia coils in the freezing tank the saturation 
temperature is, by Bureau of Standards tables, 5 deg. F. 
Owing to excessive length of pipe coils per feed valve, 
long or poorly insulated mains or too small a suction 
pipe, there may easily exist a presure drop between com- 
pressor and coils of, say, 1.6 lb., giving a compressor 
suction pressure of 32.7 lb. absolute and a saturated 
temperature of 3 deg. F. A further loss caused by 
superheating of the suction vapor in the suction line by 
heat absorption from the outside, say 20 deg. above 3 
deg., may exist, resulting in a compressor-inlet tempera- 
ture of 23 deg. F. The various temperatures and pres- 
sures are given in the illustration, a diagrammatic 
compression system. 
Within the cylinder the absolute pressure at start of 
compression curve may be 82 lb. and the discharge presi- 


sure 205 lb., resulting in a ratio of compression pressure 


or 6.4 : 1, 


With the usual exponent of the compression curve for 
ammonia vapor, 1.3, and assuming that the temperature 
of the suction vapor is at least 23 deg. F., the theoretical 
discharge gas temperature with adiabatic compression is 
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obtained by means of the following well-known equation: 


Substituting the values of P, and P, and remembering 
that T, and T, are absolute temperatures—that is, 
degrees Fahrenheit plus 460—we obtain as the following 
value of T, if n is taken as 1.3: 


205 \ 0-23 
(23 + 460) X 32 = 741 deg. absolute = 368 deg. F. 


Depending upon design and speed of compressor and 
on the absorption of heat from the cylinder and valves 
the actual discharge temperature observed may be as 
much as 19 deg. above, or 298 deg. F., equivalent to 200 
deg. of superheat above the saturation temperature of 
98 deg. at 205 lb. absolute pressure. The temperature 
rise of 19 deg. is chosen for convenience to allow of 
using directly the values appearing in the tables of 
superheat. The rise may be much more, depending on 
the cylinder design. 

The heat content Q of ammonia vapor at 200 deg. 
superheat and 205 Ib. absolute pressure is (K. & B. 
tables) 669.35 B.t.u. per lb. at 0 deg. superheat, or at 
the saturation state, it is 556.55 B.t.u. Hence, the 
superheat to be removed in the first part of the con- 
denser 669.35 — 556.55 — 112.8 B.t.u. per pound of 
ammonia vapor, the mean specific heat being 0.5625 for 
this range of temperatures. 

At 98 deg. F. the latent heat of evaporation (Bureau 
of Standards tables) is 480.2 B.t.u. per lb., this being 
the work of the second, or liquefaction, part of the con- 
denser. If the condenser used is of the counter-current 
type and has ample cooling surface, it is capable of cool- 
ing the condensed liquid to, say, 80 deg. F., thus remov- 
ing (see heat content of liquid) 152.8 — 132, or 20.8 
per pound. 


The total work of water on the condenser is, there- 
fore, as follows: 


Extracting superheat................. 112.8 B.t.u. per Ib. 


= 18.4 per cent 

Liquefying.......2...-cccseeccee+--. 400.2 B.t.u. per lb. = 78.3 per cent 

Liquid cooling....................... 20.8 B.t.u. per Ib. = 3.3 per cent 
613.8 100.0 


USEFUL REFRIGERATING EFFECT 


The useful refrigeration obtained in this plant per 
pound of liquid ammonia equals the total heat of 
saturated ammonia vapor at the coil pressure, 34.3 Ib. 
absolute and temperature 5 deg. F., which is 613.8 B.t.u., 
minus the heat already in the liquid as it passes the 
expansion valve; that is, heat of the liquid at 80 deg. F., 
or 132 B.t.u. 

Thus, the heat available for useful work in the freez- 
ing tank is 613.8 — 132 = 481.8 B.t.u. The loss due to 
20 deg. superheating in the sucton main represents 10.3 
B.t.u. per lb and has nothing to do with the refrigerat- 
ing effect in the coils. It is, however, included in the 
18.4 per cent of work done in the condenser because it 
has added 20 deg. to the initial ammonia temperature. 

Cooling at the rate of 2,000 lb. ice melting per 24 
hours is equivalent to removing heat at the rate of 200 
B.t.u. per minute, being one ton of refrigeration. In the 
plant under discussion it is, therefore, necessary to cir- 
culate ammonia at the rate of inns = 0.416 lb. per 
minute per ton of refrigeration, and since in most large 
plants it requires only 1.5 tons refrigerating effect per 
ton of ice harvested, 0.416 * 1.5 = 0.624 lb. liquid must 
be circulated per minute per ton of ice. Since the 
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volume of vapor at 32.7 lb. absolute and 23 deg. tem- 
perature is 9.184 cu.ft. per lb., 0.624 & 9.184 or 5.73 
cu.ft. (9,900 cu.in.) of suction vapor will have to be 
pumped per minute per ton of ice sent to ice storaye. 
If the true volumetric efficiency of the compressor 
happens to be 75 per cent, then the net piston displace- 
ment required is 9,900 — 0.75 — 13,200 cu.in. per ton 
of ice, or 8,800 cu.in. per ton of refrigeration. 

The work of the condenser water per ton of refrigera- 
tion is the heat units removed per pound times the 
pounds of ammonia circulated per ton, 613.8 * 0.416 — 
255 B.t.u. per minute; and if, as usual with recooled 
condenser water, the difference between outlet- and 
inlet-water temperature is 10 deg., and since one pound 
of water will absorb 1 B.t.u. per one degree temperature 
rise, 25.5 lb., or 3.06 gal. of water must be circulated 
per minute per ton of refrigeration, equivalent to 4.6 
gal. per ton of ice. To allow for water loss and radia- 
tion to the atmosphere, these amounts may be increased 
5 per cent. A greater rate of water circulation than 6 
gal. per min. per ton of ice is not advised unless the 
saving in compressor horsepower is greater than the 
additional pump work involved. 


HEAT EQUIVALENT OF POWER 


The heat removed by the condenser water is seen to 
be 255 B.t.u. per minute per ton of refrigeration under 
the temperatures assumed, while the useful cooline 
effect is only 200 B.t.u. The difference, 55 B.t.u. 
represents the heat equivalent of the power expended 
within the compressor cylinder. The heat equivalent of 


one horsepower per minute is et , or 42.4 B.t.u. per 


5 
minute; and ea == 1.3 indicated compressor horse- 


power per ton of refrigeration. This figure checks 
fairly well with 1.336 hp., the value given on York 
Manufacturing Co.’s data table C48 for their single- 
acting compressors, published in the Journal of the 
American Society of Refrigerating Engineers, May, 
1915. 

Many otherwise well-informed engineers are under 
the impression that the condenser water has to absorb 
only the 200 B.t.u. per minute per ton of refrigeration 
abstracted by the heat-absorbing pipes. They forget 
that the work done in the compression of the vapor 
appears as heat in the discharge vapor, being a loss 
incidental to the refrigeration process, which must also 
be taken up by the cooling water. Since the water 
jacket of the compressor cylinder has inadequate sur- 
face, its capacity for absorbing heat from the gas in 
the short space of time available is very small. 

To obtain maximum efficiency, a plant should be so 
constructed that the coldest water is utilized first for 
subcooling the condensed liquid as low as is compatible 
with the cost of the additional cooling surface required. 
In this way the heat of the liquid ammonia as it leaves 
the condenser already mentioned may be reduced. So 
long as manufacturers strive to cut down the condensing 
surface to a minimum and pay no attention whatever 
te the important factor of liquid cooling or precooling, 
so long will the economy of refrigerating machines 
remain below the maximum. In his article on “Stand 
ard Unit of Refrigeration,” in Power, April 5, 1921, page 
559, the writer showed that for every 4 degrees sub- 
cooling of condensed liquid the output of a machine is 


increased about 1 per cent, and the horsepower per ton 
is reduced. 
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Effects of Voltage Fluctuations on 
Direct-Current Motors 


Limitations in Voltage Variation—Comparison of Motor Characteristics When Lower- 
ing Voltage on Both Field and Armature—What Happens on a Motor 
When the Voltage Fluctuates Ten per Cent from Normal—Both 
Interpole and Non-Interpole Machines Are Considered 


By H. M. PHILLIPS 


Electrical Aid, Public Works Department, Navy Yard, Washington, D. C. 


voltage fluctuations of more or less severity, their 

behavior under these conditions is a matter of con- 
siderable importance, although rarely referred to in 
either the manufacturer’s or the purchaser’s specifica- 
tions. In the handbook of the Electric Power Club it 
is stated that all motors except fractional-horsepower 
machines “shall operate successfully at normal rated 
load at any voltage not more than 10 per cent above or 
below the name-plate rating, but not necessarily in ac- 
cordance with the standards of performance established 
for operation at normal rating.” The reader may define 
“successful” operation to suit himself, doubtless the 
manufacturer will do likewise. It is doubtful if the 
writers of the specification intended it to apply to a 
sudden variation from 10 per cent below to 10 per cent 
above normal, or vice versa. In fact, it would be hardly 
fair to attempt to apply it in this manner, as the action 
of the motor will depend largely upon the nature of the 
load, which is not usually a factor that is under the con- 
trol of the motor manufacturer. 


J jetise as practically all motors are subject to 


DATA ON MOTOR OPERATION 


Some motors, however, are much better suited than 
others for operation under fluctuating voltages, the 
difference depending upon their ability to carry very 
heavy overloads for short periods and upon the varia- 
tion of motor speed with load. Unfortunately, it is 
seldom that exact information on either of the fore- 
going points can be obtained prior to the purchase of 
the motor and actual trial by the purchaser. The 
full-load speed is given with a fair degree of accuracy 
by the manufacturer and in some cases the no-load 
speed may also be obtained (both at rated voltage). 
However, intermediate speeds and more especially over- 
load speeds do not vary uniformly with load, and speed 
at voltages other than normal is not usually obtainable. 

Even though all the desirable data are obtained on 
a particular motor, its usefulness is decidedly limited, 
for another of the same type and manufacture but of 
different horsepower or speed may show quite different 
characteristics, while even a motor that is supposed to 
be an exact duplicate may have sufficient variation to 
affect materially its performance with a fluctuating volt- 
age. The reason for this difference may be ascribed to 
slight variations in the magnetic saturation of various 
parts of the armature and field, which are likely to be 
due to the quality of the iron, also to slight variations 
in the air gap (which is frequently adjusted by the 
manufacturer in order to ‘obtain the rated speed) or 
to variations in brush setting, either accidental or in- 
tentional. After the motor has had some service, the 
condition of the commutator is also likely to have a con- 
siderable influence upon the speed. 


speed as the overload is increased. 


Curve A, Fig. 1, may be taken as a rather common 
type of motors of from 5 to 15 hp.; larger motors 
are likely to show less speed variation, especially on 
overloads. It is to be noted that there is a consider- 
able drop in speed between no load and 25 per cent load, 
after which the curve is comparatively flat up to full 
load, and that there is an increasingly rapid fall of 
The load in all 
cases, for the purposes of this article, is measured as 
a percentage of full-load amperes. This general type 
of curve is found for the majority of shunt motors, 
with or without interpoles. The actual differences in 
speed, however, are subject to very considerable varia- 
tions as is also the amount of overload that can be car- 
ried before the overload drop begins. Interpole motors 
are sometimes found in which the speed rises with an 
overload (Fig. 3) although if sufficient load can be 
carried the overload droop must finally assert itself. 
A motor which on any part of its speed curve shows 
an increase of speed with load is to be avoided for 
nearly all kinds of service. 


EFFECTS OF REDUCING FIELD VOLTAGE 


Curve B shows the change in curve A that may be 
expected to result from a 10 per cent reduction in field 
voltage, the armature voltage remaining constant. The 
distance that B will lie above A depends on the satura- 
tion of the magnetic circuit which varies very mate 
rially with different motors; a 3 per cent speed increase 
for the larger part of the curve may be taken as fairly 
common, with slightly lower values on overloads. 

Lowering the voltage of both field and armature by 
10 per cent should give curve C, which lies approxi- 
mately 10 per cent below curve B. The effect of arma- 
ture and interpole-field resistance is to lower it still 
farther, but is so small that it may safely be disre 
garded except on heavy overloads. In all cases the 
speed of the motor will fall off with a decrease in volt- 
age, but never in direct proportion to the voltage. 

As an illustration of the effect of sudden changes in 
voltage it is convenient to assume that the motor is 
running at full load and normal voltage with a very 
heavy flywheel for the load. A centrifugal drying 
machine, which has the effect of a flywheel, may serve 
as a concrete example. If the voltage has a sudden 
drop of 10 per cent, there can be no appreciable change 
of speed during the decrease. However, the full-load 
speed of curve A is higher than the no-load of curve C, 
therefore the motor will act as a generator and supply 
current back into the line. In extreme cases, where 
there is a larger drop in voltage or where the speed 
curve is unusually flat, this reverse current may exceed 
the full-load current and trip circuit breakers or blow 
fuses. In this and the following cases, however, it will 
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be assumed that circuit breakers are provided with a 
“time element” which will prevent their being thrown 
except by prolonged overloads. The reverse current 
will act as a brake, reducing the speed of the load until 
the no-load speed of the curve C is obtained, when the 
motor wil: begin to take current in increasing quantity 
as the speed is reduced until a point is reached where 
the current is sufficient to prevent further loss of speed. 
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FIGS. 1 TO 3. LOAD-SPEED CURVES FOR DIRECT- 
CURRENT MOTORS 


If it is assumed that the same torque (pull exerted by 
the armature) is required at the lower speed, the cur- 
rent will exceed its original value, on account of reduced 
field strength, by about the same percentage as the 
increase in speed between curves A and B and the speed 
will become constant at the point P. 

If the voltage now returns very suddenly to its orig- 
inal value, the armature current will respond much more 
rapidly than the field, on account of the induction of 
the latter and the motor will be momentarily under the 
conditions of curve B. The speed of the load, not hav- 
ing time to change, the current will rise momentarily 
to the value shown at P:. But as the field is rapidly 
strengthening, probably in a fraction of a second, the 
motor will change to the operating condition of the 
point P, on curve A, where the heavy overloaded current 
taken by the motor will gradually increase the speed 
until the original conditions are re-established. In this 
case the maximum load is shown to be 251 per cent of 
the full-load current, which is a rather severe strain 
on the commutating ability of any motor. 

The Standardization Rules of the American Institute 
of Electrical Engineers require a motor to carry a 
momentary overload of 100 per cent, and it is probable 
that the additional load referred to in the foregoing 
will be successfully carried if not of too long duratien. 
In the case under consideration the load will drop very 
rapidly to 233 per cent, where it reaches curve A, afte 
which the rate of decrease will depend principally upon 
the inertia of the moving parts of the driven system. 
Increasing the horsepower of the motor is by no means 
a sure method of overcoming the troubles arising from 
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voltage fluctuations. it is not unlikely that the large, 
motor will have a flatter speed curve, which will more 
than counterbalance the greater power available for 
acceleration. In actual practice the extreme overloads 
obtained in the foregoing would be considerably modi- 
fied; the rise in voltage, though frequently rapid, is not 
instantaneous. The heavy overload will in itself tend 
to hold the voltage down, and any induction in the cir- 
cuit, including that of the armature and interpole field, 
will tend to prevent the armature current from rising 
quite as rapidly as the voltage. 

On the other hand, many motors have speed curves 
less favorable for service on fluctuating voltage than 
those used in the illustration. Motors with commutat- 
ing poles are frequently found to have very flat speed 
curves, as shown in Fig. 2, while occasional cases show 
a curve similar to Fig. 3. It is evident that if com- 
mutation is maintained and the load continues to rise, 
the speed curve must finally fall, but the motor is pretty 
certain to flash over before that point is reached. Even 
the shunt motor without interpoles will sometimes show 
a remarkably flat speed curve. The writer recalls one 
instance in which repeated measurements showed the 
full-load speed to be somewhat higher than the no-load, 
with the speed at half load slightly below either. Over- 
load speeds were not obtained, but this motor would 
suffer severely on a fluctuating voltage. 


WorRK REQUIRED FOR ACCELERATION 


The work required for acceleration varies to a star- 
tling degree with the diameter and revolutions per 
minute of the body being accelerated; as illustrated by 
Fig. 4, and the following table: 

FOOT-POUNDS OF WORK REQUIRED TO INCREASE SPEED OF 

ROTATING BODIES WEIGHING IN EACH CASE 710 LB. 
Bodies Shown in Fig. 4 
A B C D E F 
R.v.m. 1,063 to 1,150....... 49,000 20,000 18,200 10,100 6,600 3,000 
27,500 11,250 10,230 5,680 3.700 1,680 

The rotating element of a centrifugal fan as ordi- 
narily constructed has a rather large diameter and high 
speed of rotation as compared to the majority of other 
machines requiring the same power; the inertia is 
therefore rather high. The centrifugal pump with 
approximately the same power and speed will generally 
have a rotor of smaller diameter and lighter weight 
than the fan and, having less inertia, is less susceptible 
than the fan to voltage fluctuations. Both the diameter 
and the speed of either fan or pump may vary con- 
siderably with the pressure for which they are de- 
signed and the individual preference of the designer, 
which may reverse the foregoing statements in some 
instances, although they will be found to hold true for 
the majority of cases. 

Although the inertia of the moving system is the 
most important factor governing the performance of a 
motor under fluctuating voltage, the trouble may fre- 
quently be aggravated by a fluctuating load. The most 
conspicuous example of inertia is probably the centrif- 
ugal drier. However, it gives a load that is practically 
constant. Punch presses and similar machines are 
equipped with flywheels that supply the greater part of 
the force required to work the metal. It can exert this 
force only through a reduction of speed at the moment 
the work is being performed. This reduction in speed 
increases the load on the motor until normal speed is 
restored, but the momentary force required is so great 
that it may be assumed as derived entirely from ‘he 
wheel and is independent of the actual force exerted by 
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the motor. As an illustration assume that the motor 
and press are so proportioned that when the former is 
operating on curve A, Fig. 1, the maximum load on the 
motor is 160 per cent and falls, as the flywheel acceler- 
ates, to a minimum of 50 per cent. This gives maxi- 
mum and minimum motor speeds of 1,160 and 1,136 
r.p.m. respectively, or a change of 24 revolutions, which 
is sufficient to allow the flywheel to do the work. On 
curve C a maximum speed of about 1,074 r.p.m. would 
occur and if the sudden rise to normal voltage takes 


FIG. 4. SECTION THROUGH BODIES REFERRED 


TO IN THE TABLE 


place at the same instant that the flywheel is called 
upon for its energy, it must first jump to the point P, 
on curve B and then drop 26 revolutions to the point 
P, on curve A before acceleration can begin, which 
materially increases the duration of the excessive over- 
load. If the motor had a flatter speed curve, the addi- 
tional overload, small in the present case, might be a 
very serious factor, with a characteristic such as Fig. 2. 
Even a slight fluctuation in voltage might be sufficient 
to cause the motor to flash over, while with the curve, 
Fig. 3, the motor would undoubtedly behave badly even 
at constant voltage. Many machines that are not 
ordinarily equipped with a flywheel are dependent on 
the inertia of the armature and other rotating parts of 
the system to give the necessary energy to prevent mo- 
mentary overloads of considerable magnitude and are 
troublesome with fluctuating voltages. Among these 
may be mentioned reciprocating pumps, planers, shap- 
ers and other machines having reciprocating parts. In 
some cases a pair of gears that do not mesh perfectly 
at all points, but which run fairly well with a motor 
operating at constant voltage and having a falling 
speed curve, may produce trouble with a motor having 
a flatter curve and operating on a fluctuating voltage. 
An adjustable-speed motor running on weak field at 
high speed will show a smaller percentage of change in 
speed for a given variation in voltage than is obtained 
by a constant-speed motor, or with the same motor 
while running on full field. Adjustable-speed motors 
are, as a rule, able to carry a heavier overload on 
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full field than on weak field, the net result being that 
the adjustable-speed motor is generally most likely to 
give trouble on a fluctuating voltage when running at 
its highest speed. Constant-speed motors that are 
wound for high speed are also rather susceptible to 
changes in voltages both on account of the inertia of 
their armatures and the fact that they usually have a 
flatter speed curve than the medium- or slow-speed 
motor of the same capacity. 

Commutation will also be slightly more difficult with 
a voltage increase than decrease, on account of the 
increased voltage between commutator bars. Fortun- 
ately, voltages above normal are of less frequent occur- 
rence than below. 


VARIATIONS IN MOTOR EFFICIENCY 


The motor efficiency (output — input) does not. 
vary greatly with a variation in voltage within 10 per 
cent of normal and may be either raised or lowered. 
A properly designed motor should have its maximum 
efficiency at approximately its rated voltage, but various 
practical considerations may cause it to lie considerably 
above or below this. The variation in efficiency, how- 
ever, is so small as to be negligible unless the cost of 
power is unusually high. The change in speed pro- 
duced by a change in voltage has in nearly all cases 
a decidedly important bearing on the efficiency of the 
plant as a whole. If the speed obtained at reduced 
voltage is all that is needed, the increased speed at 
normal voltage means a very considerable waste of 
power. In the case of a centrifugal fan or pump the 
power varies approximately as the cube of the speed; 
if 10 hp. is required to drive at 1,070 r.p.m., it will take 
approximately 12.4 hp. when driven at 1,150 r.p.m., a 
direct loss of 2.4 hp. For nearly all classes of work the 
minimum increase of power will be in direct proportion 
to the speed which would give, for a 10-hp. machine, a 
loss of at least }? hp. while running at the higher 
speed; in most cases the loss would be considerably 
greater. On the other hand, a reduction in the speed 
of machinery used for manufacturing purposes gen- 
erally means a corresponding reduction in the output of 
the plant, which is likely to be a very serious matter, 
although it often escapes immediate detection. 

Voltage fluctuations of frequent occurrence are in 
all cases a serious handicap on a plant, in the way of 
decreased efficiency and general wear and tear on 
motors and machinery, even though acute motor trouble 
is not experienced. In cases where it is impracticable 
to remedy the trouble, the evil effects may sometimes 
be minimized by resorting to one or more of the fol- 
lowing expedients: 

1. The use of slow-speed motors. 

2. The use of motors with a rapidly falling speed 
curve. Improvement in this respect may sometimes 
be obtained by a slight change in brush setting or 
by the use of a shunt on the interpole winding. 

8. Decreasing the inertia of the load on trouble- 
some motors. This, unfortunately, is seldom prac- 
ticable. 

4. The use of compound-wound motors in preference 
to shunt-wound. This is merely another way of pro- 
ducing the falling speed curve and is of great advan- 
tage in a large number of drives where a shunt motor 
is commonly employed, either on account of a slight 
difference in first cost or through ignorance of the 
superiority of the compound winding for the service 
in question. 


4 
7 
Yr 
Is 
i- 
ot 
d 
d, 
ig 
BS 
n VLA, 
t- 
| “(YY 
he | = 
ld 
| 
~ 12"--->| 
000 
580 | 
oh 
ier 
is 
ith 
lly 
ht 
ole 
fer 
yn- 
le- 
er, 
me 
for 
he - 
re- 
ost 
if. 
lly 
ire 
of 
his 
ont 
ed 
is 
eat 
the 
by 


258 POWER 


Vol. 54, No. 7 


Reduction-Gear Applications 


By IRA SHORT 


Engineering Department, Westinghouse Electric and Manufacturing Company 


used to a great extent in connection with high- 

speed turbines. Actual tests have proved that 
the efficiency of a single-reduction gear, as shown in 
Fig. 1, is as high as 98.5 per cent. The double-reduction 
gear shown in Fig. 3 has an efficiency of 97.5 when 
transmitting 1,500 shaft horsepower and reducing from 
3,360 to 90 r.p.m. This efficiency was obtained with 
oil having a viscosity of 280 sec. Saybolt at 100 deg. F.; 
with an oil having a viscosity of 560 sec. the efficiency 
was 94.2. 

The life of a correctly cut gear is practically in- 
definite if the teeth are maintained in alignment and 
properly lubricated, as the teeth never come in contact, 
being separated at all times by an oil film. Accurate 
cutting of teeth and the maintaining of alignment be- 
tween the teeth is of the greatest importance in gears 
of high tooth pressure and high pitch-line speed. 


A ised to are of the double helical gears are now 


Most EFFICIENT SPEED 


Reduction-gear development has greatly increased the 
useful field of the steam turbine. The most efficient 
speed of the turbine is usually much higher than the 
most efficient speed of the apparatus that it is required 
to drive. By interposing a reduction gear, both the 
driving and driven apparatus are allowed to operate at 
their most economical speed and a much higher over-all 
efficiency results. Also, the higher-speed turbine for 
the same power is smailer and a more sturdy and 
reliable machine. 

Turbines are designed for the highest speed that they 
can be and direct-connected to standard apparatus. 
For instance, 3,600 r.p.m. corresponds to a 60-cycle two- 
pole generator. The same turbine without any change 
can be used to drive a 25-cycle generator at 750 r.p.m. 
or a 40-cycle generator at 600 r.p.m. by driving 
through a gear. A 750-kva. geared alternator is shown 
in Fig. 2. 

Direct-current generators necessarily operate at slow 
speed to insure good commutation, the speed varying 
from 514 r.p.m. for 1,500-kw. to 1,200 r.p.m. for 500-kw. 
units. In Fig. 1 is shown a 1,500-kw. unit, the turbine 


speed being 3,600 r.p.m. and the generator speed 
514 r.p.m. 


STEAM TURBINE’S STARTING TORQUE 


A steam turbine’s starting torque is about twice the 
full-speed torque. This is approximately the same as 
an electric motor. It is not uncommon to use an elec- 
tric motor for driving lineshafting. Turbines are also 
operated for similar purposes. In one installation a 
turbine operates at 3,600 r.p.m. and transmits through 
a double-reduction gear 600 hp. at 103 r.p.m. to the 
lineshafting of a paper mill. In another installation a 
geared turbine drives a lineshaft through double-reduc- 
tion gears and transmits 500 hp. from 5,744 to 150 r.p.m. 
At another plant the reduction from 3,000 to 140 r.p.m. 
is made in one step and the power transmitted is 1,700 
horsepower. 

Gears are not always utilized to reduce the speed; 
often they are used to increase speed. At the Redlands 
Irrigation Co., Grand Junction, Col, a hydraulic turbine 


running at 360 r.p.m. drives a centrifugal pump at 
700 r.p.m. and transmits 600 hp. The Anaconda Cop- 
per Co., Anaconda, Mont., has a 3,500-r.p.m. blower 
driven through a gear by a 2,250-hp. motor running 
at 1,759 r.p.m. A gear is often used for connecting a 
direct-current motor to a high-frequency generator. In 
one unit recently built, the motor speed was 1,700 r.p.m. 
and the generator speed was 6,300 r.p.m. 

Low-head centrifugal pumps must operate at low 
speed to be efficient. The pump is generally designed 
to be driven direct by an electric motor or by a steam 
turbine through a gear. In order to make the unit 
compact, the gear and turbine are sometimes combined 
as shown in Fig. 7, or they may be separate. These 
drives are also much used for driving fans or blowers, 
and quite recently a number of gears like that shown in 
Fig. 4 were installed with electric motors for driving 
the rolls of a paper machine. For small power the 
drive shown in Fig. 5 is compact and therefore eco- 
nomical of space. 

A rather unique gear installation is that of a 3,375-hp. 
turbine which is connected through a gear to two gas- 
compressor cylinders. The gear shaft is extended on 
either end to which the compressor cranks are fitted. 
The speed of the turbine is 1,500 r.p.m. and the gas com- 
pressor makes 120 double strokes per minute, or 60 
revolutions per minute. 


REDUCTION GEARS IN MARINE WoRK 


The largest application of the reduction gear is no 
doubt for marine propulsion on account of the saving 
in weight of a geared turbine over a direct-connected 
turbine. The gear can be designed to meet any space 
or power requirement. Where floor space is limited, 
the pinion can be placed on top, as shown in Fig. 3. 
This gear is 1,500 shaft horsepower, and reduces from 
a turbine speed of 3,360 r.p.m. to 90 r.p.m. of the shaft. 
On the larger sizes it is usual to divide the turbine, 
making a high-pressure turbine and a low-pressure 
turbine. The gear is then made with two pinions, 2:3 
shown in Fig. 6. The gear transmits 3,000 shaft horse- 
power, reducing from 3,360 r.p.m. to 90 r.p.m. The 
pinions may be placed at any angle to the horizontal 
that will best fit in the given space. In Fig. 3 the 
pinion is on top, while in Fig. 6 they are in a horizontal 
plane. 

Four gears are now being built in which four 
pinions mesh with each gear wheel. Two of the 
pinions are about 45 deg. above the horizontal center 
line and two are about 45 deg. below the horizontal 
center line. Two high-pressure turbines are connected 
aft of the gear to the pinions below the center line 
and two low-pressure turbines are connected forward 
of the gear to the pinion above the center line. 

The applications briefly described have actually been 
installed or are being built. New gear applications are 
continually developing. The Diesel engine is now re- 
ceiving much attention for ship propulsion. The max- 
imum power for which a Diesel engine can be built to 
run satisfactorily is limited. The field of the Diesel will 
no doubt be broadened by gearing two or more engines 
to a single propeller. 
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FIG. 1. SINGLE-REDUC- 
TION GEAR BETWEEN 
TURBINE AND DIRECT- 
CURRENT GENERATOR 


Generator 1,500-kw. ca- 
pacity operating at 514 
r.p.m.; turhine runs 3,600 
rep.m. 


FIG. 8. DOUBLE-REDUCTION 
GEAR WHICH TRANSMITS 
1,500 SHAFT HORSEPOWER 
AT 3,360 R.P.M. TO 90 R.P.M. 

The pinions in this application 
are placed above the gears. 


FIG. 2. SINGLE-REDUC- 
TION GEARAPPLIEDTO 
TURBO-ALTERNATOR 

Turbine operates at 3,600 
r.p.m., generator runs at 
750 to 600 r.p.m., depend- 
ing on the frequency. 


FIGS. 4 TO 7. SINGLE- AND DOUBLE-REDUCTION GEARS 
P Figs. 4 and 5—Turbine and reduction gears for small power. Gears of this class have been used with electric motors for driv- 
ing to rolls of paper machines. g. 6—Double-reduction gear with pinions in horizontal plane. Gear transmits 3,000 shaft horse- 
Power, reducing from 2,360 to 90 r.pm. Fig. 7—Turbine, reduction gear and slow-speed centrifugal pump combined into one unit. 


Wl 
= eke: : 
\ 


260 POWER 


Cutouts for Motor Protection 


By EDGAR P. SLACK 


Assistant Electrical Engineer, Underwriters Laboratories 


HE Code of rules on the overload protection of 
| motors cover both the location of the cutouts in 
. the motor circuits’ and the sizes of cutouts to be 
used; the latter will be discussed briefly in this article. 
When an electric motor is subjected to a heavy load, 
it doesn’t “lie down on the job,” but gets down to work 
and does its best to carry it. In doing so, it necessarily 
draws more current from the supply line, and this 
heavy current heats the motor windings. It is, there- 
fore, necessary to provide the motor with a cutout of 
sufficiently low rating to prevent overheating, which 
might burn out the motor or shorten the life of the 
insulation. 
Motor manufacturers, in assigning current ratings, 
are concerned chiefly with the heat that will be pro- 


Source of 
power 

& 

Sub-mains.. 

Fuses to protect --FBranch circuits® 
sub-mains 
fuses to 
protect branc 
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FIG. 1. ILLUSTRATING DIFFERENCE BETWEEN FUSES 
FOR LINE AND MOTOR PROTECTION 


duced in operation. Motors designed for continuous 
service are marked with a “continuous” rating, show- 
ing the current they can carry indefinitely without 
getting too hot. Many machines are intended for 
short-time service, consisting of runs alternating with 
stops of sufficient length to allow considerable cooling. 
Motors for elevators, cranes, steel mills, ore and coal- 
handling machinery, and the like may be mentioned as 
examples of short-time machinery. These machines 
are given “short-time” ratings of five minutes to two 
hours, representing the length of time that the machine 
can be operated at full load without exceeding its tem- 
perature rating. 

Many of the Code rules on fuse sizes for motor 
installations deal with the protection of the line supply- 
ing the motor rather than 
the protection of the motor 


ity of the line fuses is determined by the size of the wires 
composing the line, whereas that of the motor fuses is 
determined by the capacity of the motor. The protection 
of the line will be discussed fully later, but a typical ex- 
ample is shown in Fig. 1. This diagram represents an 
ungrounded circuit with mains from the source of power 
feeding sub-mains, which in turn supply the branch cir- 
cuits to the motors. The sub-mains, which are smaller 
than the mains, are fused where they join the mains; 
and the branch circuits, which are smaller than the sub- 
mains, are fused where they join the sub-mains, the 
size of the fuses in each case being only slightly 
larger than the carrying capacity of the line to be 
protected. The object of these fuses is to blow in case 
of a short-circuit or overload on the line, and thus 
prevent the flow of a heavy current, which might burn 
out the line or shorten the life of the insulation. 

In some cases the cutouts required for the line are 
considered sufficient for the motor as well. For ex- 
ample, all motors rated two horsepower or less may be 
installed without motor fuses or cutouts, for the line 
cutouts are considered sufficient protection for the 


INSTANTANEOUS TIME - ELEMENT 
Py CIRCUIT BREAKER CIRCUIT BREAKER 
125 "9 Must carry at least Must carry at least 
amperés continuously 10 amperés continuously 
Must not be set over Must not be set over 
| /60 amperes amperes 


s00-Ampere Motor 100-Ampere Motor 


100-Ampere Motor 


FIG. 2. CORRECT RATING FOR FUSES AND SETTING FOR 
CIRCUIT BREAKERS FOR MOTOR PROTECTION 


motor itself. Motors of other than “continuous” rating, 
or used on other than constant-load duty, such as ele- 
vator or crane motors, and others mentioned in the 
foregoing discussion of “short time” ratings, may also 
be installed without motor cutouts. Squirrel-cage and 
similar motors, whose running fuses are cut out of cir- 
cuit during starting, are likewise considered sufficiently 
protected by the line cutouts during the starting period. 
The Code requirements for motor protection, repre- 
sented in Fig. 2, provide that “each continuous-rated 
motor of over two horse- 


itself. The fuses installed 
for protection of the line 
should by no means be 
confused with those in- 
stalled for the protection 
of the motor. The capac- 


Electrical Code. 


1See article by the author on 
Overload Protection of Motors, 
July 26, 1921, page 132. 


What sized fuses should be installed to pro- 
tect your motors? How should you set your 
circuit breakers to keep within the Under- 
writers Rules? This information is given and 
discussed in this article, the third of the series 
dealing with the requirements of the National 


power used for constant- 
load duty must be pro- 
tected by running fuses, 
thermal cutouts or a cir- 
cuit breaker in accordance 
with the following: “If 
fuses or thermal cutouts 
are used, their rated ca- 
pacity must not exceed 125 


per cent of the name-plate 
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current rating of the motor, except that when no fuses 
or thermal cutouts of the required capacity exist, those 
of the next higher standard rating may be used.” For 
instance, fuses for a 25-hp. 250-volt direct-current motor 
having a name-plate rating of 100 amperes should not be 
over the 125-ampere size. A 10-hp. 110-volt three-phase 
motor rated 54 amperes would call for 1.25 54 or 
67.5-ampere fuses, but the 70-ampere size, being the 
next larger standard size, would be acceptable. This 
size of fuse permits the motor to be run at 25 per cent 
overload, it being common practice for continuous-rated 
motors to have a two-hour guarantee at this overload. 

“Tf a circuit breaker is used, it should have a con- 
tinuous-current capacity of at least 110 per cent of the 
name-plate current rating of the motor.” This rule 
provides a factor of safety to prevent overheating of 
the breaker and is necessary because of the overloads 
that are likely to occur. For a motor rated 100 amperes, 
the circuit breaker should be able to carry at least 110 
amperes indefinitely. 

If the breaker is of the ordinary instantaneous type, 
which responds immediately to an overload or short- 
circuit, it may be set up to not over 160 per cent of 
the name-plate rating of the motor; that is, for a 
100-ampere motor the breaker could be set as high as 
160 amperes. It is probable that a circuit breaker 
with this setting would operate sooner than a fuse 
of the specified rating. 

Considerable overloads, if they .*2 only momentary, 
are not likely to overheat a motor seriously. For this 
reason time-limit circuit breakers are recognized, but 
they must be set at a lower value, not over 125 per 
cent of the motor rating, on account of the reduced 
degree of protection afforded. This type of breaker. 
like the instantaneous type, depends for its operation 
on the magnetic pull exerted by a solenoid on an arm- 
ature, but has additional parts to retard the operation 
on moderate overloads, so that if the overloads are of 
short duration they may pass without the breaker 
opening. In one well-known make of breaker the pull 
on the armature is communicated to a smooth-faced 
disk engaging with a seat covered with oil. As the 
disk is pulled up, the oil film becomes attenuated and, 
if the overload is continued long enough, is finally 
ruptured, allowing the breaker to open in the usual 
manner. 


Preparation Cost of Pulverized Coal* 
By P. F. Corrint 


The cost of preparing pulverized coal, naturally, varies 
with the kind, the moisture content, the size of plant, 
the load factor of operation, the type of equipment, etc. 
Muhlfeld’ states that the smallest size of plant worth 
considering for pulverizing coal for boilers would have 
an output of 80 tons a day. Where the competition 
with other fuels is close, as in ‘urning high-grade 
bituminous coal on stokers, a 200-to. plant might better 
be considered as a minimum economical size. 

A milling plant having an actual daily output of 
about 200 tons of coal for use in a metallurgical plant 
is reported to have an average cost, over a period of 
six months, of $1.05 per short ton for preparation and 


*From the author’s contribution, “The Utilization of Coal on a 
Multiple Products Basis, ” to R. F. Bacon’s and W. A. Hamor’s 
forthcoming book “American Fuels.” 

+Research Laboratory, General Electric Company. 

“Powdered Coal,” by John E. Muhlfeld, Proc. Engineer’s Society 
of Western Penn., May 1920. 
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conveying. This includes all fixed charges on the invest- 
ment as well as operation and maintenance. The 
engineers of another plant with a considerably larger 
output report that their cost of operation and main- 
tenance ranges from 75 to 80 cents per ton. This 
includes the cost of handling, preparing, conveying and 
firing, as well as the cost of tramming the coal to the 
plant and dumping it, which {tem is about 10 cents. 
This leaves a cost of 65 to 70 cents a ton exclusive of 
the fixed charges on the investment. In both of these 
plants ring-roll types of mills were used. The figures 
for the first plant were for 1920, and for the second, 
for 1919. 

These plants were both installed a good many years 
ago, and it is well to examine an estimate on the cost 
of pulverizing coal in a modern plant. Two examples 
are taken, with daily outputs of 500 and 1,000 tons 
respectively, using 57-in. Fuller mills having a capacity. 
for pulverizing 8 tons of bituminous coal per hour 
to standard fineness. This is the largest ring-roll mill 
built for grinding coal. The unit costs for power, labor 
and drier coal are assumed by the author, the remain- 
ing data being furnished by the Fuller Engineering Co. 

The following table contains data on the capacity, 


cost, etc., of milling plants containing four and seven 
mills respectively. 


Number of 57-in. mills installed. 4 7 
Number of mills in operation (allowing a eg unit) 3 6 
Daily output of plant (in tons of 2400 Ib.) .. 500 1,000 
Number of hours required: 

At 7 tons per mill per hour................... 24 24 
G'tons per mill per 21 21 
51 x 42 ft: 63 x 50 ft. 
Cost of Installation: 

Annual fixed charges at 15 per cent....... $30,000 $40,200 
Daily fixed charges for 330 days (assuming half-time 


The installation costs are of July, 1921, and include 
Fuller-Kinyon pumps and 200 ft. of pipe for transport- 
ing the coal to the furnace bins. 

When operating continuously, the mills will need to 
grind only about 7 tons an hour for a daily output of 
500 tons. An output of 8 tons per mill will reduce the 
time required to approximately 21 hours daily operation, 
the remainder of the time being available for repair 
work by the operating force. With four units in oper- 
ation, and grinding 7 tons an hour, 500 tons can be 
ground in 18 hours. With an output of 8 tons an hour 
only 16 hours will be required. Hence there is a pos- 
sibility of operating the 500-ton plant on a two-shift 
basis provided the maintenance work is done on the 
third shift. It is advantageous to provide a storage 
bin between the crusher and driers of sufficient capac- 
ity to enable the crusher to do its daily work in ten 
hours. 


The operating force is these plants would be made up 
as follows on each shift: 


1,000 
Maller and helper, Gach, NOUNS... . 20 21 
Crusherman and helper, each, hours. 18 16 


When the 500-ton plant is operated on two shifts 
with four mills running for 16 or 18 hours daily, an 
allowance of 20 hours is made for contingencies. Hence 
the millers and fireman would work in two shifts of 10 
hours and the crushermen in two shifts of nine hours. 
By crushing all the coal in 10 hours, as suggested, two 
crushermen only would be required for a single 10-hour 
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shift. The labor required for maintenance is not included 
in the foregoing, hence it would be possible to employ 
all the operatives on shifts of equal length by having 
them do repair work when their machines are not run- 
ning. This would also apply in the case of the 1,000- 
ton plant when the miller and fireman and additional 
helper are employed in three 8-hour shifts. 

Labor is figured at 55 cents an hour, including 50 
cents for helpers, 65 to 70 cents for mill foreman and 
a small allowance for superintendence. 

The cost of drying will be offset, in part, by the 
improvement in the net calorific value of the fuel, since 
the moisture must be evaporated in the furnace when 
burning raw coal. The usual efficiency of the Fuller 
drier is about 6 lb. of moisture evaporated per pound 
of coal fired. The proportion of coal consumed for 
drying the remainder ranges from 1 to 1.5 per cent 
when the moisture content is 7 per cent. 


OPERATING COST DATA ON COAL MILLING PLANTS 


Capacity of plant, tons per day... 500 1,000 
Equipment, number of 57-inc 7 
Labor hours, daily, in 8-hour shifts. .............--00. 96 115 
Daily Plant Cost: 
Drier coal, 9.00 98.00 
Maintenance, at 35.00 70.00 
Fixed charges, . 90.90 121.81 
$332.70 $563.06 
Cost per ton prepared. $0. 563 


If the denen feo — falls off during part of the 
year, the cost per ton will te somewhat higher, and 
this will also be true if the plant is operated regularly 
with a smaller daily output. The following tables 
indicate the effect of operating the plant at load factors 
of 70 per cent and of 35 per cent, the outputs in the 
previous tables being taken as 100 per cent load factor. 
These factors are based on the operation of the plant 
with two shifts and with one shift, respectively, of 
8 hr. each. Maintenance work that cannot be done 
during operating hours can be done in the idle periods, 
and this will allow of more continuous operation during 
the working shifts. In the case of the 500-ton plant 
66.6 per cent labor has been assumed for 70 per cent 
load factor and 33.3 per cent labor for 35 per cent load 
factor. In the 1,000-ton plant the percentage of spare 
equipment is less and a larger percentage of labor hours 
has been assumed for 70 per cent load factor. In spite 
of this, 96 labor hours may produce 700 tons in two 
8-hr. shifts in the larger plant as compared with 500 
tons in two 10-hr. shifts, or in three 8-hour shifts in 
the smaller plant. 


COAL-MILLING PLANTS OPERATED WITH LOAD FACTOR 
OF 70 PER CENT 


Output of plant, tons per day. 700 
Labor hours, assumed (two shifts per day) ... REESE TEEN 64 % 
Daily Plant Costs 


~ 
$258.40 $439.21 
Cost per ton prepared... $0.627 


MILLING PLANT OPERATING WITH LOAD FACTOR OF 
35 PER CENT 


Output of plant, tons, per . 350 

vabor hours, assumed (1 shift per day) . eee . 32 48 
Daily Plant C: sts 

12 25 24 50 


$174.65 $280.51 


Cost per ton prenared. 
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Handy Boiler-Room Formulas 
By C. T. MITCHELL* 


The following formulas may be found useful, although 
they are not an attempt at anything new, but merely a 
restatement of fundamental law in what the writer 
has found to be a convenient form. 

The rise in temperature of boiler-feed water due to 
passing through an economizer may be obtained from 
the following formula: 


Ww 


Rise of temperature of feed water in passing 

through economizer, deg. F.; 

Area Of heating surface of economizer, sq.ft.; 

Coefficient of heat transfer, B.t.u. per sq.ft. 
per deg. F. temperature difference per hour; 

Pounds of flue gas per 1d. of coal; 

Coal burned per hour, ib.; 

Water passing through economizer per hour, 
lb.; 

- Temperature of gas entering economizer, deg. 

T. = Temperature of water entering economizer, 
deg. F. 

Formula (1) is derived by assuming that the specific 
heat of the gases is 0.25 and that the temperature of 
both water and gas change at a constant rate in passing 
through the economizer.' These assumptions are suffi- 
ciently close for most practical purposes. All the values 
may be known or predicted with reasonable accuracy 
with the exception of K and G. The heat transfer rate 
K is the most uncertain quantity and varies from ap- 
proximately 5 to almost zero, depending on the condi- 
tion of the tubes, velocity of water and gas, temperature 
difference, etc. Probably 3 is a conservative average, 
although higher values are sometimes used. Since K 
is indeterminate with any high degree of accuracy, 
the entire formula becomes only an approximation in 
company with other formulas of the same character. 
lis chief value is in obtaining rapid comparative values 
of the temperature rise under varying conditions. 
Although K has a large influence on the value of R, 
it will be noted that the temperature rise does not vary 
directly with the heat-transfer rate. 

Starting with an estimated value of either G or T,, 
the other can be obtained from one of the formulas: 


| 


T,=T,+4 (2) 
4 HF 
~ 7, —T, 


where 
== Temperature of gas leaving boiler, deg. F.; 

T, = Room temperature, deg. F.; 

H = Heat value of coal, B.t.u. per lb.; 

F = Fraction of total heat in coal lost in waste gases 

from boiler; 

G = Pounds of flue gas per Ib. of coal. 

In applying formula (3) it will be found that G is 
greater than ordinarily allowed for in designing forced- 


*Mechanical Division, The J. G. White Engineering Corporation. 


1The corresponding drop in temperature of gas = 


WR 

.25 CG 
Formula (1) is based on the algebraic mean temperature differ- 

ence between the water and gas as expressed in the following 


we = 3500) (To 


equation. 
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draft equipment for underfeed stokers. It must, how- 
ever, be remembered that the gases issuing from the 
boiler have been augmented in volume by leaks through 
the settings. Stack temperatures would ordinarily be 
higher than they are were it not for this dilution with 
cold air. Other things being equal, economizer effi- 
ciency is seriously affected by dilution, as may be 
demonstrated by the application of formulas (1) and 
(2) to specific cases. Of course a slight increase in 
the value of R may be expected with diluted gas, owing 
to greater velocity past the tubes. To offset the effect 
of low gas temperature, however, R would have to 
increase out of all proportion to its behavior under 
observation, which indicates an increase in proportion 
to the square root of the gas velocity. 


PROBLEM SHOWING THE OPERATION OF THE FORMULAS 


The following problem will serve to show the useful- 
ness of these formulas in checking the performance of 
an economizer which is already in operation: 

A boiler plant with economizers is operating under 
the following conditions: 


Water evaporated per hour.............200,000 lb = W 
Heating value Of 13.600 B.tu. per lb. = H 
Temperature of gases entering economizer 370 deg. F. = Ty 
Temperature of room............ 10 deg. = FT, 
Temperature of feed water entering 


Assumed fraction of total heat of coal present in flue gases en- 
tering economizer = 0.2 (or 20 per cent) = F. 
Area of heating surface of economizer — 15,000 ea.tt. = a 
; eee coefficient of heat transfer for these conditions = 3 


It is desired to compute the rise in temperature of the 
feed water passing through the economizer and compare 
it with an actual observed rise of 52 deg. in order to 
determine whether the performance of the economizer 
is as good as might reasonably be expected. 

To solve this it is first necessary to get G (the pounds 
of flue gas per pound of coal) from formula (3). Sub- 
stituting in (3) gives: 


4HF _ 4X 13,000 X02 _,, 
570 — 70 


If the percentage of CO, in the flue gas is known, 
the value of G can be easily figured from it without the 
use of the foregoing formula. Using G, it is possible 
to get the theoretical temperature rise (R) of the feed 
water as follows: 


G = 


Te — 150 
W 200,000, 2 X 200,000 1 
AK *CG*2 15,000 x37 24,000 x 2172 
420 


+ .79 + dee. rise 

The actual observed rise, however, is only 52 deg. 
Since the value of K used in the formulas was conserva- 
tive, it must be assumed that something is wrong with 
either the economizer or the draft. 

To illustrate the effect of air dilution on economizer 
efficiency, assume that G (the weight of gas per pound 
of coal) has increased from 21 to 30, owing to excess 
air, poor settings and leaky flues. The greater velocity 
of the gases past the economizer tubes produces better 
heat-transfer conditions and therefore a higher value 
of K (heat-transfer coefficient). On the assumption 
that it increases as the square root of the gas velocity, 
a good estimate for K under this new condition would 
be 8.6. It will also be assumed that F (fraction of heat 
in coal lost in flue gases leaving boiler) remains con- 
stant at 0.2, although in fact it might be greater in this 
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case. Formula (2) now gives 7, (temperature of gas 
entering economizer). 


T, =T, = X 416 deg. 


Substituting the new values of G, K and T, in For- 
mula (1) gives 


Ss 416 — 150 
AK+cG+2 15,000 x 3.6 + 24,000 x 3072 
~ 3.70 + 55 + dee. 


equals rise in temperature of feed water in passing 
through economizer. 

It is then seen that, on the basis of these computa- 
tions, if the excess air is increased so that the flue gas 
per pound of coal increases from 21 to 30, the computed . 
temperature rise in the economizer drops from 73 to 56. 
In other words, the usefulness of the economizer will 
be reduced to three-quarters of its original value. 

It should be borne in mind that the chief use of these 
formulas is for purposes of comparison and checking. 
There is ordinarily too much doubt about the exact 
values of K and G, for highly accurate results to be 
expected. 

In the foregoing formulas no account has been taken 
of radiation losses. These losses have very little effect 
on the result, especially if the apparatus is insulated. 
In other respects the accuracy of the formulas depends 
chiefly on the accuracy of the substitution valves. 


Setting Valves on Allis-Chalmers Diesel 
By PAuL KELLER 


Each make of Diesel engine has its individual pecu- 
liarities of adjustment, especially as to the valve 
setting. While an engineer who is at all familiar with 
one make of Diesel can soon learn how to set the valves 
of any make, still it is well to be posted on all makes. 

Every engineer is familiar with methods of deter- 
mining the piston dead-center points. In setting the 
valves of an Allis-Chalmers Diesel engine, any of the 
usual methods of marking the dead center can be fol- 
lowed. With the dead-center lines marked, the next 
step is to determine the timing of the exhaust, admis- 
sion and fuel valves. 

The manufacturer will furnish a valve-timing dia- 
gram for the particular engine. If this cannot be 
obtained in time, the diagram shown in Fig. 1 will 
prove close enough for all practical purposes. The entire 
valve arrangement appears in Fig. 2, which shows the 
exhaust and admission valves actuated by a single 
eccentric. Before going into the timing, the eccentric 
pins of the rolling cam on the exhaust and admission 
valves should be set. The line of centers of the eccen- 
tric and pin of the rolling cam should be at an angle 
of 22 deg. with a horizontal line through the pin center. 
The engine should now be turned over on the power 
stroke until the exhaust-valve opening point is reached. 
The point where the valve actually opens can be deter- 
mined by the resistance of the cam roller when spun by 
the fingers. The moment the roller touches the valve 
stem, the roller refuses to spin. This, however, is not 
entirely accurate. A better method is to chalk the 
valve bonnet, punch mark the valve-stem nut, and use a 
pair of dividers somewhat as in Fig. 3. If a line is 
scratched on the bonnet when the roller is entirely out 
of contact, this may be used as a base line. Then, as 
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the flywheel is rotated it is very easy to determine when 
the valve opens, for the dividers will now make a second 
line slightly below the first scratch. A point should 
be marked on the flywheel to denote the valve-opening 
position and the wheel then turned until the closing 
point is reached. If the timing checks within one or two 
degrees with the diagram in Fig. 1, it is not necessary 
to alter the timing. The lift of the exhaust valve should 


FIG. 1. TIMING DIAGRAM OF ALLIS-CHALMERS DIESEL 


be between 1 and 13 in. The same process is followed 
with the admission valve. 

It will be noticed that on a two- or a four-cylinder 
engine the timing of the valves of the inside cylinders 
will not quite check with the diagram. This is due 


Y 
Ye 


FIG. 2. VALVE ARRANGEMENT ON ALLIS-CHALMERS 
DIESEL 


to the fact that both sets of valves are handled by the 
one eccentric on the layshaft and the clearances will 
cause this alteration. The valve lift can be altered by 
lengthening or shortening the eccentric roas. In a 
twin-cylinder engine the reach rods can be adjusted for 
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the second cylinder’s valves. The lift can also be altered 
by changing the clearance between the flat and rolling 
cams or levers; however, this clearance on the exhaust 
valve should be not less than 0.015 in., while the 
admission valve clearance can be somewhat less. Any 


FIG. 3. CHECKING EXHAUST-VALVE OPENING 


great amount of clearance will produce considerable 
pounding. Furthermore, excessive clearance will cause 
the valve to open late and close early. Also, if the 
length of the eccentric rod is not correct, the two levers 
or cams will not come into contact at the proper time, 
causing early or late opening of the valve. Likewise, 
shifting the lever-pin angle of eccentricity will change 
the timing. These parts are but seldom adjusted, and 


FIG. 4. TIMING SPRAY VALVE 


unless an engine has been dismantled, no adjustment 
of exhaust- and inlet-valve timing is necessary. 

The spray- or injection-valve cam is shown in Fig. 
4. The timing of the spray valve can be altered by 
changing the clearance between rocker and spray-valve 
steam washer or by shifting the cam on the hub; the 
cam is slotted and held on the hub by two bolts. The 
cam nose likewise can be shifted to make the valve 
open early or late. 

A handy means of checking the spray valve is shown 
in Fig. 4. This is a dial placed on the end of the lay- 
shaft and held by the screw holding the end cap in 
place. A pointer fixed to the spray-valve rocker pin 
allows the dead-center points to be located, as well as 
the timing points required. 

The air starting valve seldom if ever requires any 
change in the timing. While on the subject it is well 
to mention that the stuffing-box gland on this valve 
should never be drawn up hard. If so, the stem will 
bind, and since the valve is closed by the air pressure 
acting on the differential-valve areas, the valve may 
stick open, wasting a large amount of air. 
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Steam Pressures 
and Superheat 


ROM about 1913 to 1918 there was widespread 

interest in the economic possibilities of boiler pres- 
sures up to one thousand pounds with the moderate 
superheat of one hundred degrees Fahrenheit. At the 
time there was general agreement that such a pres- 
sure and superheat were desirable from a_ thermo- 
dynamic viewpoint, and builders of boilers, turbines 
and other apparatus involved expressed willingness to 
assist in the development of equipment to use such 
pressures and total temperatures. 

This was three to eight years ago; what of the prac- 
tice today? One thousand pounds as a boiler pressure 
has, as a proposal, been discarded. There are, indeed, 
few engineers who care to contemplate the troubles 
that they feel such a pressure will involve. All are 
interested, but all want the “other fellow” to try it 
first. Both here and abroad engineers have been con- 
tent to compromise by using a much lower pressure 
than one thousand pounds, and a higher superheat than 
is permissible with such high pressure. The limiting 
factor in a combination of pressure and superheat is 
the total temperature, which is around seven hundred 
degrees Fahrenheit. Above this temperature the mate- 
rials of construction are likely to give trouble and 
become unsafe under the stresses imposed by the func- 
tioning of the apparatus. American engineers are 
reluctant to design for seven hundred degrees, for even 
if the normal total temperature is about six hundred 
degrees, there will be times when the temperature will 
exceed seven hundred. 

The last year has seen two exceedingly interesting 
plants designed for high pressure and high total tem- 
perature. One is at North Tees station, Newcastle- 
on-Tyne Electric Supply Company, where the pressure 
is said to be four hundred and fifty pounds and the 
total temperature seven hundred degrees Fahrenheit; 
the other, the “super-power” station in Paris, where 
the pressure is three hundred and fifty pounds and 
the total temperature over seven hundred degrees. 
These temperatures are so crowding the margin of 
what American engineers have found to be the limit 
that operation in these stations will be watched with 
interest. 

Experience is proving the correctness of the predic- 
tions made in Power several years ago that the chief 
troubles of operating at extremely high pressures and 
temperatures would not likely lie in the boiler and tur- 
bine, but in the valves and piping and expansion joints. 
These accessories are today the chief source of worry 
with present high pressures and temperatures. As to 
steam velocities, several plants are having frouble 
enough with eighteen thousand feet per minute without 
wishing to court more of it by the use of smaller piping 
for far more dense steam. So whatever pressure engi- 
neers may attempt, pipe sizes are not likely to change 
much from those now in common practice. Welding 
does much to overcome the troubles of gaskets at joints, 


but engineers have not yet found it expedient to get 
rid of all joints. It is difficult if not impossible to 
do so, from the operators’ viewpoint. 

While the high temperature is serious, it is obvious 
that what creates the greatest nuisance for the main- 
tenance engineer are the temperature fluctuations that 
unavoidably occur in daily operation. The equipment 
using the steam is invariably made up of several differ- 
ent kinds of metals, one part of one material, one of 
another. The coefficient of expansion is different for 
each metal, and it is not unusual to have extreme dif- 
ferences in two parts that must preserve tight fit with 
each other throughout the temperature ranges. The 
never-ending expansion and contraction tends always 
toward distortion and permanent set of the parts. The 
greater the range between initial and final tempera- 
tures the more pronounced this action. In a valve, for 
example, the design and workmanship must be executed 
with great care so there will not be prohibitive distor- 
tion of the seating surfaces. There must be no parting 
of these surfaces when the valve is closed and later 
cools off to many degrees below the temperature at 
which it was closed tight. Wiredrawing across the seat- 
ing surfaces with such a dense medium as steam at 
very high pressures soon erodes the surface so badly 
that they are incapable of holding tight. 


Application of High-Head 
Hydraulic Turbines 


HERE has been considerable discussion during the 

last few years as to which type of hydraulic turbine, 
reaction or impulse, should be adopted for high-head 
water-power developments. The use of reaction turbines 
always permits a higher speed, consequently a consider- 
ably cheaper first-cost installation than is the case with 
the impulse type. Two impulse-type wheels recently 
installed to operate under a head of a thousand feet 
and develop thirty thousand horsepower operated at one 
hundred and seventy-one revolutions per minute, where 
two vertical-shaft twenty-three thousand horsepower 
reaction-type units operating under eight hundred feet 
head operate at six hundred revolutions. These higher 
speeds for the latter type result in a unit that is much 
smaller in dimensions for a given output. Since the 
reaction-type unit is well adapted to vertical-shaft opera- 
tion, tnis feature also reduces the foundation and build- 
ing cost, all of which reduces the initial investment. 
Moreover it is usually possible to obtain higher effi- 
ciencies with the reaction type. With the units referred 
to, the reaction type developed an efficiency of ninety 
per cent against eighty-four per cent for the impulse 
type. 

On the other hand, a number of difficulties have been 
experienced with reaction-type wheels on high-head 
installations. It has been found that although such 
units may develop high efficiencies when first put into 
operation, the efficiency and power both decrease after 
the unit has been in operation for a comparatively short 
time, due to increased leakage at the runner seats and 
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corrosion of the guide and runner vanes. Maintenance 
charges and repairs also run considerably higher for 
the reaction type than for the impulse type. As a result 
of these conditions there has been a growing tendency 
for the power companies to prefer the impulse-type 


_ wheel for high-head installations. 


It is the opinion of a number of prominent hydraulic 
engineers experienced in the application of high-head 
reaction turbines that the difficulties encountered with 
reaction wheels can be entirely eliminated by proper 
care in the design and construction of the various details 
of the unit. Therefore the leading article in this issue, 
“Tmportant Features in the Design of High-Head Reac- 
tion Turbines,” by F. H. Rogers, should be of interest. 
This article describes a thirty-thousand horsepower unit 
for the Southern California Edison Company to operate 
under a head of six hundred and eighty feet. At this 
time there are a number of high-head reaction tur- 
bines being installed or in operation, some of them 
operating on heads of over eight hundred feet. The 
results obtained from these units under operating con- 
ditions undoubtedly will have a marked influence on the 
use of reaction turbines in high-head installations in 
the future. 

With regard to the efficiency of the reaction turbine 
little improvement can be expected over that now 
obtained with a properly designed wheel. However, 
before the turbine is an entirely satisfactory unit it 
must maintain its efficiencies over long periods with 
reasonable maintenance costs. There are large low-head 
units that have to their credit thirty months’ continuous 
operation without being shut down. On the other hand, 
there are many others operating under medium and 
high heads that have no such enviable record. In the 
last twenty years hydraulic-turbine designers have 
made wonderful improvements in the efficiency of these 
units. In the future there is little doubt that they will 
make the durability and reliability of the units com- 
parable with their efficiency. In this respect Mr. Rogers’ 
article clearly indicates that the turbine designers and 
manufacturers are giving careful consideration to these 
problems. 


The Problem of Power 
and Process Steam 


HIS issue of Power contains an article entitled 

“Motor Drive Reduces Power Costs in Cotton- 
Finishing Plant,” by Warren B. Lewis, a consulting 
engineer, of Providence, Rhode Island. In the par- 
ticular plant discussed, a certain method of driving 
equipment and supplying heat to processes had been 
used for years with the feeling that all was well. When 
questions came from those of inquiring mind, reasons 
were given that seemed entirely satisfactory to all con- 
cerned. Unfortunately, these reasons were based on 
assumptions and not on a knowledge of the actual facts. 
The moment somebody started out to check the facts, the 
whole plan of operation was seen to be wrong. Further 
analysis resulted in a new layout that reduced the yearly 
coal consumed by four thousand tons, or thirty-eight 
per cent. This does not, of course, mean a net yearly 
financial saving equal to the value of four thousand tons 
of coal. Allowance must be made for the overhead 
charges on the new equipment installed. However, after 
making all neccssary deductions the net gain was 
decidedly worth while. Such a radical improvement 
must have produced mixed feelings in the minds of the 


Vol. 54, No. 7 


operating men—delight at the savings and chagrin 
because such a golden opportunity had remained 
unnoticed for years before their very eyes. 

This story has a lesson for the engineer of every 
power plant connected with a manufacturing establish- 
ment that uses process steam. The lesson is not that 
individual-motor drive is always the thing. It is not 
that there is some one particular combination of equip- 
ment suitable for all such establishments. The lesson 
is this: “The fact that things have always been done a 
certain way does not prove that it is the best way.” The 
man in charge of the production of power and of process 
heat should study his own plant—the whole manufac- 
turing plant and not merely the power plant—with the 
utmost care. Too often he has not been able to see the 
forest because the trees obstruct the view. Let him 
stand back a bit and consider just what he is trying to 
accomplish. Then he can return to a closer analysis of 
the elements of the problem. The manufacturing plant 
is engaged in processes of production for which it 
requires certain amounts of power and heat, delivered 
at certain times and places and under certain operating 
conditions. 

There is usually more than one way of meeting such 
requirements. It requires imagination and initiative 
to think of the various plans that may be used. Then it 
requires practical and technical knowledge combined 
with hard thinking and good horse sense to pick the 
plan that will give the best service at the least cost. 
The engineer that has these qualifications and makes a 
thorough, systematic study of the power and _ heat 
system under his supervision will be repaid either by 
the savings he will make or by the assurance that he is 
already operating along the right lines. 


Accurate Data Lacking 


MPLETE and accurate records of rainfall and run- 
off are the only sound foundation upon which to base 
the development of the water-power resources of a nation. 
The American engineers who landed in France with 
the vanguard of the army, to provide an adequate supply 
of water for the troops, very soon found out that they 
had left a country exceptionally rich, to land in one 
exceptionally poor in knowledge of this character. It 
was found relatively easy to obtain approximate data on 
the rainfall, but apparently none was available covering 
run-off. The invariable answer to the query was “about 
fifty per cent,” although in all probability it varied 
from fifteen to eighty per cent in different parts of the 
country. 

That the French engineers themselves have been 
hampered by their ignorance is evidenced by the 
increasing interest accorded to these subjects in French 
technical magazines. La Revue Generale de l’Electricite 
has already published two articles by A. Contagne, in 
the issues of August 28, 1920, and May 21, 1921, dealing 
particularly with the rainfall, and further announces 
two other articles by the same author on run-off and its 
relation to stream flow in different regions. These are 
steps in the right direction, although there is perhaps 
too marked a tendency to reduce the problem to a series 
of mathematical formulas of doubtful use to the average 
engineer. It will be interesting to note whether the 
author’s ingenuity will go so far as to express the run- 
off by mathematical formulas, which generally prove 
such handy tools in the hands of European engineers, 
especially those trained on the Continent. 
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Beware of Snap Judgment 


One of the important requirements that a power-plant 
supervisor should have is the ability to make just and 


fair judgments. It is an unfortunate fact that many 
otherwise fine men fall down and make enemies because 
of their poor method of passing judgment on questions 
that come before them. 

Some time ago 1 was employed as operating chief 
engineer in a fair-sized turbine street-railway plant. 
This plant contained five small turbines and an 18,000- 
kw. unit, this latter being our main unit, the loss of 
which would be a very serious matter. 

One night my house phone rang and I was informed 
by my night engineer that our main turbine had gone 
flat, that the steam pressure had dropped from 200 to 40 
lb. in about three minutes, but the auxiliaries were 
working all right with 200 lo. on the line. In half an 
hour I was at the plant, and upon my arrival I found 
the turbine in service, carrying her usual load. My 
engineer informed me that after telephoning he 
returned to the turbine room and found that the steam 
had come up, hence, knowing that I was on my way to 
the plant, he had put the machine into service again. 

Shortly after this our superintendent came into the 
plant and of course asked for an explanation relative 
to the cause of our sixteen-minute shutdown. Condi- 
tions as told me were repeated, and as I happened to 
know that we had recently received a good dose of salt 
water, due to some split tubes in the condensers, I made 
the suggestion that possibly the steam strainer was 
plugged with salt. 

“Nothing of the kind,” said the superintendent. “I 
know the trouble; the engineer was not onto his job, the 
turbine tripped out and he was gadding most likely in 
the boiler room and of course could not catch her and 
had to shut down and start up again, all of which takes 
time. My advice is to get a new engineer. Think it 
over tonight and no doubt you will agree with me in the 
morning.” 

We opened the strainer that night and found it as 
clean as the day it was installed, and inasmuch as the 
engineer, the oiler and the switchboard man seemed 
reluctant to give me any information regarding the 
shutdown, I began to think that perhaps the superin- 
tendent was right. 

The next morning the superintendent came in about 
10 o’clock and asked what I had decided to do in the 
matter. “My advice,” he said, “is that you fire the 
whole watch, as they have all lied about it and get 
some help that you can trust.” This conversation took 
place on the turbine platform, and directly over his head 


was the high-pressure steam gage, piped to the line’ 
between throttle and machine. I was facing the gage 
when the pressure dropped from 204 lb. to about 40 in 
a few seconds. We had two small units turning over 
ready for this very happening, and we swung the load 
onto these machines. While my men were taking care 
of this matter, I walked back to our gage board and 
here was the steam back to 200 lb. The superintendent 
gave one look at the board, one at me and walked out of 
the station. That was the last we saw of him that day, 
and no one was fired. 

As this was a Sunday, we cut the big turbine out and 
cpened up the throttle and found that salt had collected 
on the stem inside the valve body. When the valve 
would clese, due to the swing of the load, it would stick 
and cut off the steam supply. I assumed that the vibra- 
tion of the turbine as it slowed down loosened up the 
salt and the valve would then open up and the machine 
would get full pressure again. After the valve was 
cleaned and reassembled, we had no further trouble. 

Here was a case where snap judgment, if it had gone 
through, would have worked an injustice on at least two 
of my men and possibly upon myself. 


South Quincy, Mass. A. D. PALMER. 


Parallel Operation of Direct-Current 
Generators 


I have read Mr. Kent’s and Mr. Bennett’s discussion 
on “Parallel Operation of Direct-Current Generators,” 
July 5th issue, and to my mind the question of equalizer 
switches depends largely on four things—size of 
machines, characteristics of machines, load conditions 
and cost of switching equipment. Small machines may 
not need as much equalizing as large generators. They 
are usually on nearly constant loads such as exciter 
service, or at least on loads that do not change rapidly. 
Then, too, exciters or isolated lighting generators are 
generally flat compounded for use with a voltage regu- 
lator. These machines may be handled safely with a 
triple-pole switch, for the change in voltage due to the 
series field amounts to just about the drop in the arma- 
ture as the incoming machine takes its share of the 
load. 

On the other hand, large railway generators have 
very wide swings in load and may be compounded for 
10 per cent or more rise in voltage. It would be ticklish 
work at the best and might be disastrous to parallel 
the machines unless the equalizer switches were closed 
first. However, these large machines usually have the 
negative and equalizer switches on the machine and the 
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positive switch and circuit breaker on the switchboard. 
The floor man closes the switches on the incoming 
machine as it is coming up to speed, and the equalizing 
current insures that the machine picks up with the 
right polarity. 

Separate switches for small machines may cost 
enough more than a triple-pole switch to prohibit their 
use for exciters or other small machines. The triple- 
pole switch is usually good enough for this class of 
service, as the operator readily learns just how much 
voltage allowance is necessary to get the incoming 
machine on the bus without a disturbance. Then, too, 
exciters, or generators, running on building-lighting 
loads do not get the short-circuits or bumps that are 
common on railway service and, therefore, are not so 
liable to reverse their polarity. 

If separate switches are desirable, they should be 
arranged so that the series field of the incoming 
machines can be put in multiple with the machines 
already under load, the machine brought up to voltage 
and then equalized across the open switch. Whether 
three single-pole switches or a single-pole and a double- 
pole are used is immaterial so long as the foregoing 
condition is fulfilled. The fact that the series field 
always insures the right polarity on the incoming 
machines was a great help in the old days when large 
engine-driven generators were common. 

N. L. REA, Construction Engineer, 

Schenectady, N. Y. General Electric Co. 


Emptying Barrels with Compressed Air 

A device for emptying liquids quickly from barrels 
when compressed air is available is shown herewith. 
It consists of a truncated cone made of hard brass hav- 


CONE AND PIPING FOR EMPTYING BARRELS 
WITH AIR PRESSURE 


ing a thread cut on it and sliding over a discharge pipe. 
In this particular case the discharge pipe was made 
of l-in. brass tube 5 ft. long, one end of which has 
V-shaped notches sawed out of it as if making a brick 
drill; an elbow was put on the other end. A hose con- 
nection with about six feet of hose completed the pipe. 
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The brass cone is drilled to take the discharge pipe 4A, 
allowing a sliding fit. Another hole is drilled anqg 
tapped at right angles to the pipe A for an air pipe. 
From the small end of the cone to the point where B 
intersects, the hole in which A is fitted is reamed } in. 
larger in diameter than the pipe A. Packing is placed 
in a stuffing box at the large end of the cone to prevent 
air and liquid escaping and still allow the pipe to be 
moved up and down to accommodate barrels of differ- 
ent size. The small end of the cone must be smaller 
than the smallest hole on which the cone is to be used 
and the large end must be larger than the largest hole. 
The taper should be about one inch in six. 

In operation the bung is removed, the pipe placed in 
the barrel and the cone screwed in by hand. In case 
it cannot be made up tight enough in this way, a span- 
ner wrench is used in holes provided for the purpose 
in the knurled surface above the thread. Air is turned 
on at about 30 lb. pressure and makes its way into the 
barrel outside the discharge pipe and forces out the 
liquid. This method was used to such good effect with 
oil that it was found to be unnecessary to drain the 
barrels. 


Waterbury, Conn. D. A. MCNULTY. 


Clearing Installed Electric Conduit 
by Concussion 


The force of concussion has been used in many ways 
in different tools and appliances, and the most recent 
tool operated by the explosion of a blank cartridge is 
a device used to clear obstruction in iron pipe. 

For many years no effective method has been employed 
to blow out obstructions in pipes, particularly electrical 
conduits that are placed in the walls or other positions 
during the construction of a building. Many of these 
are put in position before the plastering or cementing 
is completed. It has not been found practical, by experi- 
ence, to cap the ends of these pipes, although sometimes 
wooden plugs or waste rags are placed in the exposed 
ends, and oftentimes these plugs or rags or cement are 
forced into the tubes to such an extent that when the 
pipe is sealed into position by the completion of the walls 
it is practically useless. In many cases conduits had 
to be abandoned and other pipes set. 

A device has been patented, however, that will blow 
down any foreign matter in conduit such as wooden 
plugs, waste, cement, plaster, even ice; on a test it blew 
through 200 ft. of conduit, around elbows, carrying 
before it all obstructions in the tube. 

The principle of the device is concussion, and the 
tool is simple in construction, easily handled and safe. 
The electric conduit is provided with screw threads on 
the exposed ends, to which fittings are screwed. It is 
on these exposed threaded ends that the device is 
attached. The illustration shows a fitting in sections, 
which may be a casting finished in black enamel or gal- 
vanized, or it may have its exterior knurled. The 
interior of one end has screw threads A, and the other 
end is reduced and provided with screw threads B; 
C is a smal bore through the member D; E is simi- 
lar to member D and is also provided with threads 
into which member D is screwed. Member E is pro- 
vided with a reduced portion having a longitudinal 
passage through which the firing pin H passes. The 
firing pin has a firing point G. The pin operates freely. 
so that there is no effective pressure until the time 
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desired. A compression spring F on the firing pin 
causes the pin to rebound after firing the cartridge. 
The device is operated as. follows: Member D is 
screwed to the pipe, and this member can be made in 
any size to suit the diameter of the pipe and can be 
used on two sizes of pipe by means of reducers. A 
blank cartridge J of 32 caliber, is then placed in the 
bore of member D with its flanged end resting on the 
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face of the passage. Member E is then firmly screwed 
in place. A blow of a hammer on the heads will explode 
the cartridge, which will cause sufficient pressure to 
blow out all foreign matter. If a single cartridge does 
not accomplish the work effectually, a second or even a 
third cartridge may be used, but as a rule it will be 
found that one will do the work. 
New York City. E. GEORGE CHEUVREUX, JR. 


Where the Superheat Went 


For years, at a certain plant, there had been a stand- 
ing puzzle and numerous reasons and suggestions had 
been advanced and various attempts made to solve it. 
The puzzle was, what became of the superheat? A 
thermometer placed in the well in the boilers’ steam 
connection showed, from 550 to 600 deg. F., while the 
thermometer on the pipe to the turbine rarely ever 
showed above 400 deg. The boilers were operated at 
160 lb. gage and had superheaters designed to give 
100 deg. superheat. According to the thermometer 
readings at the boilers, the superheaters were far ex- 
ceeding their guarantees, but when the steam arrived 
at the turbine throttle it had lost most of its superheat. 
Why did it lose it, or how did it lose it? 

It was first thought that it was radiation from the 
steam piping, and although it had a standard covering 
of 85 per cent magnesia, a second covering the same 
thickness as the first was applied. Although one could 
hold a hand indefinitely on the covering the steam tem- 
perature at the throttle did not appreciably increase. 

The well for the indicating thermometer at the tur- 
bine was screwed through the cover of the steam 
strainer and was three inches long. It was also thought 
that this thermometer might not be reading correctly, 
owing to the radiation from the strainer cover, which 
was not covered, because of frequent removal of the 
screen for examination. A detachable asbestos cover 
was put on, but with no added degrees. A deeper well 
could not be put in because of the peculiar construc- 
tion of the strainer. 

At last it was pointed out that the temperature taken 
at the boilers at the well A was not the real tempera- 
ture of the steam from the boiler, but that of the 
steam from the superheater alone. It was further 
pointed out that the more the mixing vaive shut off 
the superheated steam the hotter it would become, 
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owing to the decrease in flow through the superheater, 
but the lower the temperature of the combined steam 
would be. Therefore, to get the greatest amount of 
superheat, the mixing valve should be set so that all 
the steam would go through the superheater, although 
this would mean a lower temperature at the thermom- 
eter well in‘the superheater crossbox. 

To prove this, a new thermometer well B, as shown, 
was placed in the pipe to the header. Simultaneous 
readings were then taken of the two thermometers. 
With the mixing valve at its original setting the new 
thermometer gave a reading of 450 deg. and the old 
one read 595 deg., which showed that the total amount 
of steam was not up to the required temperature, yet 
the steam that passed through the superheater was 
superheated 225 deg. The mixing valve was then 
moved to the extreme position, causing all the steam 
to go through the superheater. The temperature of 
the steam to the header then rose to 510 deg. and the 
superheater thermometer dropped to 525 deg. As the 
mixing valve is only a rough casting, it is not steam- 
tight, therefore, owing to higher pressure in the drum 
than in the superheater crossbox, because of the pres- 
sure drop through the superheater, there was a leakage 
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POSITION OF OLD AND NEW THERMOMETER 


of saturated steam into the outlet, which caused the 
difference of 15 deg. F. between the two thermometers. 

After all the mixing valves were set over to their 
extreme positions, the steam temperature at the tur- 
bine throttle rose to 425 and sometimes to 450 deg., 
an average increase of about 50 deg. This was gratify- 
ing, but still there was something wrong for there was 
still a temperature drop of over fifty degrees between 
the boiler and the turbine. With double covering on 
all the piping this drop seemed impossible. 

About this time a recording steam-temperature ther- 
mometer was purchased, as it was pointed out that this 
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recording thermometer was installed and set to agree 
with the existing thermometer, there would be no gain 
outside of the recording feature. An 8-in. indicating 
thermometer was also purchased. The two thermom- 
eters were installed in the main 8-in. lead to the tur- 
bine. Now for the surprise! These thermometers gave 
an average temperature of 500 deg. F. As the aver- 
age of all the temperatures at the boiler outlets was 
515 deg., the drop of 15 deg. did not seem excessive. 
The maximum variation between new and old ther- 
mometer was 70 deg. This occurred when the load was 
light and therefore but little flow through the strainer. 

At maximum load the variation was only 35 deg. 
This change in variation, due to the peculiar position 
of the thermometer in the strainer, had led to the er- 
roneous impression that the superheat greatly increased 
with increase of load, which is not always correct. The 
average superheat is now 125 deg. F., which is above 
the guarantee. 

This is written to show that care should be taken in 
the placing and installing of thermometers. The ther- 
mometer on the boiler was installed correctly and was 
giving the correct temperature at that place, but its 
readings were of no value so far as knowing the real 
temperature of the outgoing steam. It was so placed 
that all the steam going to the turbine went by it, but 
it could not measure the temperature of the steam cor- 
rectly owing to the way it was installed. 

The 125 deg. superheat now being received at the 
turbine throttle is not excessive for a turbine, but it 
happens that there are two 600-kw. cross-compound 
engines taking steam from the same header. These 
engines ran for over six months on this high-tempera- 
ture steam before the real temperature was ascertained. 
The cylinders have been examined since and found in 
good condition, but the potential possibility for trouble 
was there all the time, unknown to the operators. For- 
tunately, a high quality of cylinder oil was used, which 
stood up under the high superheat. 

In a modern plant the dependence placed upon the 
records from recording instruments is very great, there- 
fore extreme care should be taken that these records 
show real conditions. ALFRED L. POLLARD. 

Halifax, N. S., Canada. 


The Application of the 
Producer-Gas Engine 


In the March 22 issue of Power I noticed an article 
by J. W. Kitchen, wherein the merits and disadvantages 
of producer-gas power were discussed. Mr. Kitchen 
advocates the use of producer-gas engines in combina- 
tion with steam power. If that refers to the intercon- 
nection of steam and gas power stations, it is certainly 
an ideal solution of the producer-gas engine problem, 
especially when the gas-power station is located in the 
neighborhood of a peat bog, lignite field or a number of 
large sawmills. A producer-gas engine plant should run 
continuously day and night to avoid the fuel losses 
that occur when putting a spare producer into service 
and to reduce the standby losses. Two years ago I had 
an opportunity to prove this. In a plant I took charge of, 
it was customary to empty and change one of the three 
producers every two days. I extended this period to 
four days and reduced the fuel consumption that month 
from 22 to 19 tons of anthracite. 

When the no-load periods are long, it will pay to 
install a storage battery in combination with two com- 
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paratively small gas engines, one or both running at 
normal load and the battery charged directly during the 
low-load hours at a moderate rate, thereby reducing the 
battery losses and keeping the engines in 16 hours’ oy 
even 24 hours’ continuous service. The battery will 
serve to even up the load on the engine. 

For instance, a battery consisting of 120 cells, having 
a three-hour discharge of 1,296 ampere-hours should be 
charged at a rate as high as 216 amperes, which neces- 
sitates a gas-electric unit of 48 kilowatts. However, 
the cells will gas equally well if charged with 150 
amperes, so two engines of 17 kilowatts can be used. 

The battery can be floated on the line, charging at 
low industrial loads, and by discharging at the peak-load 
periods it serves to enable a small engine plant to carry 
an industrial load much above the engine rating. 
Charging during the industrial load, provided no dis- 
charge takes place, has to be done with one of the units, 
in order to avoid excessive gassing of the end cells, 
located between the charge and discharge brushes of the 
end-cell switch. However, it will depend on the shape of 
the load curve whether one or both units should charge 
the battery. After a heavy discharge, charging will 
take considerable time and the battery voltage will rise 
rapidly if there is no industrial load and the whole bank 
of 120 cells is connected up. Charging with one unit of 
17 kilowatts will not be effective on account of the loss 
of time, consequently two engines are to be put in 
service. When the main battery starts gassing, one of 
the units should be shut down ir order to apply the 
finishing rate, which should be half the normal one. 

The combination of producer-gas engine and storage 
battery, if carefully designed and operated, is excellent, 
as it permits taking advantage of the full-load char- 
acteristics of the producer-gas engine. A _ suitable 
arrangement of the equipment and the selection of the 
best combination of units for a particular load will 
reduce the battery and stand-by losses considerably, 
thereby improving the load factor. 

Klamnaveen, Holland. H. WIELAND Los. 


Discharge Pipe Connections for 
Centrifugal Pumps 


Referring to an article entitled “Discharge Pipe Con- 
nections for Centrifugal Pumps,” by William A. Frank, 
page 71 of the July 12 issue, I do not agree with Mr. 
Frank. If the centrifugal pump referred to in the pre- 
ceding article, Power, June 7 issue, is a good design, no 
overload can be placed on the driving motor by changing 
the head or the delivery from normal. Quoting from Cen- 
trifugal Pumps,” by Daugherty, page 95, as follows: 

It is desirable that the power curve should drop off for 
the maximum rates of discharge. This makes it possible 
to install a motor whose maximum capacity is but 
little more than the power required under normal operation. 
If, due to a break in the pipe line the head becomes 
very low, the motor will not then be overloaded. This fea- 
ture can be attained in the design, either by “throttling” at 


the eye of the impeller . . . or by making the angle 
a, small. 


Angle a, refers to the vane angle at exit. 

I recently saw a pipe line burst which reduced the 
head from 440 ft. to 250 ft. and the delivery increased 
from 12,000,000 gal. daily to over 20,000,000 gal. and 
there was no increase in power, as shown by the record- 
ing wattmeter. On the other hand, a high pressure 
and low delivery does increase the power input. 

Indian Creek, Pa. PHILIP N. EMIGH. 
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Ammonia Expansion Valve—State just what takes place 
at the expansion valve in a refrigerating plant? R.G.N. 

The word expansion valve by no means conveys the true 
meaning of the functions of this valve. It is a pressure- 
reducing valve which allows ammonia liquid at the high 
receiver pressure to flow into the evaporating coils which 
are at a lower pressure, say, 10-lb. gage. Since ammonia, 
in order to boil at low temperature must be at a low pres- 
sure, and to liquefy in the condenser must be under a high 
pressure, it is apparent that a valve must be placed between 
the high- and low-pressure sides to produce the required 
drop in pressure. 


Water Injection in Semi-Diesel Engines—Will water in- 
jection in a semi-Diesel engine destroy the lubrication of the 
cylinder ? W.S. M. 

If the water is fed in such quantities that it all vaporizes 
as soon as it enters the cylinder, no lubrication trouble 
should occur. However, if by the operator’s negligence the 
quantity of water admitted is in excess of the vaporizing 
ability of the cylinder, the excess might tend to wash the 
lubricating oil from the piston and cylinder walls. As 
water in excess will cause the engine to cool off and misfire, 
giving the engineer ample warning that water fed should 
be reduced, no great danger exists. On engines having a 
governor-controlled water valve, excess water cannot enter 
the cylinder. 


Discrepancy Between Meter Readings—Our steam-flow 
meter shows 96,900 lb. of steam 2 per cent wet used from the 
boiler. The water meter, however, indicates that we have 
used 110,500 Ib. of water for the same period. Should we 
not have to use about as many pounds of water fed to the 
boiler as we use pounds of steam, or may there be so much 
greater weight of water fed to the boiler than weight of 
steam used? J. L. 

Each pound of steam generated will require a pound of 
feed water. The excess weight of water shown by the 
water meter may be due to error of reading, or inaccuracy 
of the water meter, waste or leakage of water charged as 
boiler feed water, boiler leakage, leakage and discharge of 
blowoff water, or use of hot water drawn directly from the 
boiler. Assuming that the water is accurately metered and 
that there are no such wastes, losses or uses of boiler water, 
also that the steam meter is correctly calibrated for the 
conditions, it may be that there are unmetered uses of 
steam by auxiliaries, and much escape of steam from the 
safety valves, either of which would tend to reduce the 
recorded steam flow to an amount less than the metered 
weight of boiler-feed water. 


Paralleling Compound Generators Before Equalizing.— 
How may over-compounded direct-current generators be 
injured by paralleling them before closing the equalizer 
switch? M. E. A. 

When paralleling compound generators, it is essential to 
close the equalizer and series-field switches before closing 
the armature switch. Since one machine is usually already 
carrying the outside load when the incoming machine is 
thrown on the bus, the load conditions are already instable, 
all the load being on one machine and none on the other. 


If the two machines are exactly of the same voltage at the 
instant of paralleling, the tendency will be for the incoming 
machine to immediately steal the load and motorize the 
running machine. They will then blow their breakers and ° 
may flash-over at the commutator. A flash-over usually 
burns the commutator and brush holders severely. The time 
delay before the flash-over will occur will depend mainly 
on the size of the units and the difference between the volt- 
ages at the instant of paralleling. It is very dangerous, 
however, to expect that the equalizer switch may be closed 
in time to prevent damage to the machines. 


Setting Valve With Adjustable Riding Cutoff—How is the 
valve setting done on an engine that is provided with a 
Meyer adjustable riding cutoff ? C. R. Z. 

Set the main valve in the same way as an ordinary D slide 
valve. To set the main valve, first lengthen or shorten the 
valve rod so the opening edges of the valve travel as far 
to one side as the other side of the opening edges of the 
ports. Then set the eccentric around on the shaft so steam 
is admitted at the beginning of the stroke with desired 
amount of lead. The lead will usually be enough if it is 
about 7 in. 

After the main valve has been set, turn attention .to the 
cutoff valves. For setting the cutoff valves it must be 
assumed that with correct setting of the cutoff eccentric 
and proper length of valve rod, the cutoff valves will be 
properly spaced on the right and left-hand screw for ob- 
taining the point of cutoff registered by the handwheel. 
Place the cutoff eccentric about opposite the crank, set 
the handwheel to register cutoff at half-stroke; turn the 
engine over in the proper direction of rotation to half-stroke 
and adjust the cutoff valve rod so the cutoff valve will be 
just closed. Then turn the engine forward to half-stroke 
from the other end of the cylinder and observe whether 
the cutoff valve has just closed. If it has not, take up 
half of the difference by adjusting the length of the valve 
rod and the other half by setting the eccentric farther 
forward or backward around on the shaft. Then turn 
the engine forward to half-stroke from the end first tried 
and readjust the valve, making one-half adjustment on the 
length of cutoff valve rod and the other half by adjust- 
ing the eccentric. Then set the handwheel to one quarter 
cutoff and observe whether the cutoff valve is just closed 
when the piston is on quarter stroke first from one end 
of the cylinder and then from the other. If not just closed 
on the first end tried, bring it half-way by movement of 
the eccentric on the shaft. Then place the cutoff indi- 
cator at half-stroke again and test whether the valve is 
just closed for half-stroke of the piston first from one end 
and then from the other end. If not, it must be that the 
cutoff valves need to be placed in different relative posi- 
tions on the right and left screw, or the scale of cutoffs may 


not be correctly laid off when the indicator points to one- 
half cutoff. 


[Correspondents sending us inquiries should sign their 
communications with full names and post office addresses. 
This is necessary to guarantee the good faith of the com- 


munication and for the inquiries to receive ‘attention.— 
Editor.? 
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Motor Drive Reduces Power Costs in 
Cotton-Finishing Plant’ 


Use of Variable Speed Meciors to Replace Steam Engines Lowers Steam 
Consumption from 70,000 to 43,500 Lb. Per Hour 


By WARREN B. LEWIS 


Consulting Engineer and President of Providence Engineering Society 


HROUGH the use of the variable-speed motor it has 

been possible to show some very remarkable savings in 

fuel costs in cotton-finishing plants. This motor has 
been considered primarily as a variable-speed device which, 
by reason of its simplicity, perfection of speed control, etc., 
has outrun all of its competitors. It is not, however, the 
usually accredited advantages of the adjustable-speed 
direct-current motor that are paramount in its selection for 
driving certain classes of machinery used in the cotton- 
cloth finishing business, but rather the saving of steam 
that it has made possible. 

In the many finishing plants in New England and else- 
where (excluding the few having modernized power plants) 
are a greater number of small engines that are belted, 
geared or otherwise connected to machines operating 
through a considerable range of speed. In addition there is 
one or more engines exhausting to the atmosphere or running 
condensing, driving constant-speed machines through the 
usual lineshafts and countershafts. There are numerous dry- 
ing machines using steam at pressures of from 5 to 10 lb., 
individually driven by the small engines, which exhaust into 
the machines and furnish heat for drying. Small engines 
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STEAM DISTRIBUTION IN FINISHING PLANT 


Left—With individual engine drive. Right—With variable- 
speed motor drive. 


driving machines which, in themselves, do not require heat, 
will probably be found exhausting into a main connected 
with drying cylinders, furnishing the steam which these 
cylinders require in excess of the exhaust of their own 
engines. Numerous blower systems supply hot air for dry- 
ing purposes. In many cases the heating coils of these 
blower systems are supplied with live steam. There are 
numerous dye tubs, jigs and vats that are periodically filled 
and emptied. Oftener than not, these are supplied with 
cold water that has to be heated to the boiling point with 
live steam. 

To the visitor the use of so many small engines is ex- 
plained by the statement that all the exhaust from these 
engines is used in drying processes so that nothing would 
be gained by substituting some drive using less steam per 
horsepower. The engineering mind, however, will perceive 
that the actual brake horsepower required for the entire 
plant does not balance with the heat being discharged from 
all the engines and conclude that the small engines are 
justified solely as the means of obtaining varying speeds 


*Presented before the Textile Section, American Society Me. 
chanical Engineers, at Providence, R. I. 


rather than as a means of producing power as a byproduct 
from process steam. 

The exhaust from these engines is far in excess of that 
required for drying operations, and the excess becomes 
available for use in drying cans which condense more steam 
than is furnished by the driving engines. This leads to 
the use of a low-pressure “equalizing main” extending 
into nearly all departments to balance the uses and pro- 
duction of low-pressure steam. 

In practically every case a survey of the plant will show 
that the heat exhausted from the main engines is entirely 
wasted, except for such as may be used in feed-water 
heaters. Complete analyses of many of these older plants 
show that from three to five pounds of coal is used per 
pound of cloth finished, which indicates at once the impor- 
tance of the fuel problem. 

The equipment of such a plant may be divided into two 
groups, machines that operate generally at constant speed 
and those that operate at varying speeds. The considera- 
tion of the latter is more important. The installed power 
required for operating the variable-speed equipment in the 
assumed plant is as follows: 


Max. Hp. Each 

Two nxercerizing equipments................ 25 
Six printing machines with their drying cans. gisodsinetee 30 
Two open soapers with their drying cans..................... 15 


Each of these machines will be driven by variable-speed 
motive power, so that twenty-seven individual steam engines 
or twenty-seven electric motors will be required with a total 
capacity of 431 hp. It is, of course, never the case that 
these machines are all running at maximum speed simul- 
taneously. Extensive experience with this class of machin- 
ery has shown an average load factor, as it might be termed, 
of about 50 per cent. 

The constant-speed machines in this plant will require 
600 indicated horsepower if they are driven from line shafts. 
Of this about 50 per cent will be friction losses. If indi- 
vidual motors are used, the constant-speed load will be 
about 250 kw. This great difference is not due entirely to 
the difference between mechanical and electrical losses of 
transmission, but in great part to the fact that the constant- 
speed machines are operated more or less intermittently. 

The boiler plant consists of a number of horizontal return- 
tubular boilers. The average output is 70,000 lb. of steam 
per hour, about one-third of which is delivered as _ live 
steam to processes where high-pressure steam is used. 

The substitution of the adjustable-speed motor makes it 
possible to eliminate part of the piping system and to re- 
duce the sizes of pipes carrying live steam to processes. 
If engines are to be operated all over the plant, then boiler 
pressure, or very nearly that, must be maintained in all 
parts of the piping system. It is seldom, however, that live 
steam at a pressure of over 50 Ib. is required in the proces- 
ses. Therefore, with the elimination of the engines the drop 
in pressure between the boilers and the processes can be 
made 50 per cent or more. Or, still better, the boilers may 
be divided into two batteries, one group being operated at 
150 Ib. or more and delivering steam to the main unit and 
beiler-feed pump, while the other group may be operated at 
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pressures ranging from 80 lb. down. As a considerable 
variation of pressure in steam for process purposes is not 
detrimental, advantage can be taken of the heat stored in the 
furnaces and in the water within the boilers, so that during 
periods of heavy demand the fires will not have to be pushed 
to maintain steam power, while at the slacker periods heat 
will be stored. This has been done in several plants with 
the result that the evaporation per pound of coal for the 
group of boilers furnishing live steam for processes has 
been very much improved. 

The diagram on the left shows the distribution of steam 
with the original arrangement. It corresponds to a boiler 
output of 70,000 lb. of steam per hour at 100 lb. gage pres- 
sure, the feed water being taken from any source of supply 
at an average temperature of 100 deg. F. and heated to an 
average temperature of 170 deg. F. 

The area of segment A shows the amount of steam con- 
densed in the piping system. Segment B is the amount of 
steam taken by the main engine and C is the steam delivered 
to the small engines. Segment D is the steam used as live 
steam in the processes. Segment D presents possibilities for 
the use of low-pressure steam. In those processes where 
it is necessary to heat water up to the boiling point, water 
may be preheated to a temperature of 160 or 170 deg. F. 
and stored in tanks, from which it may be drawn for use 
in the dyehouse or in the boiling process, but it is usually 
far simpler to use directly all the exhaust steam produced. 


CONDITIONS AFTER ELECTRIFICATION 


If the plant is electrified throughout, the constant-speed 
motor load will be 250 kw. and the adjustable-speed motor 
load 210 kw. In this particular plant alternating-current 
motors (supplied by a 500-kva. generator which may be 
either turbine- or engine-driven) are assumed for the con- 
stant-speed work, while a turbo-generator set to give 230- 
volt direct current is used for the adjustable-speed work. 

The total low-pressure steam uses amount to 23,500 Ib. 
per hour, exclusive of the steam required to heat the build- 
ings. The latter, taken over a twelve-months period, may 
be ignored as far as its effect on the design of the power 
plant is concerned. 

This plant requires 460 kw. and 23,500 lb. of exhaust 
steam per hour. A simple non-condensing Corliss releasing- 
gear engine, direct-connected to a 500-kva. generator, will, 
between the limits of one-half and full load, develop a 
kilowatt-hour with 42 lb. of steam per hour at 150 lb. initial 
pressure and 5 lb. back pressure. A 500-kva. steam turbine 
will operate at the same steam economy. ; 

To produce 450 kw.-hr. at 42 lb. of steam per kilowatt- 
hour will require 18,900 Ib. of steam, and 90 per cent of 
this can be delivered to that apparatus that can use low- 
pressure steam at 5 lb. pressure. This will provide about 
17,000 lb. of steam, whereas 23,500 Ib. are required. This 
is a very desirable condition. If a set of drying cans using 
a large amount of exhaust steam is stopped for a time, then, 
although the electric power required to drive them repre- 
sents comparatively little steam, there will still be a defi- 
ciency of exhaust steam in the whole system; and it is 
always possible to introduce live steam. _ 

Excluding that required for heating buildings, the total 
steam used in this plant, if individual motor drives are 
used, amounts to 43,500 lb., as shown in the diagram on 
the right. Of this, 23,500 Ib. will produce all the power 
and low-pressure steam required, 5,000 Ib. represents con- 
densation, and 15,000 lb. represents live steam which is 
used direct. This is a reduction of 26,500 lb. of steam per 
hour in the amount required to operate the plant. It fol- 
lows that with an average evaporation of 9 lb. of water 
per pound of coal over a period of 2,700 working hours, the 
coal used will be reduced by 4,000 tons a year. 

This is by no means the only advantage of the individual 
motor drive. Finishing plants do not start up at a specified 
time in the morning and shut down at a specified time in 
the afternoon, as do many manufacturing plants. As a 
rule some machines will run overtime, requiring full steam 
pressure on the entire piping system for the benefit per- 
haps of two or three small engines. Usually, full steam 
pressure is maintained on the high-pressure piping system 
twenty-four hours a day, with the possible exception of 
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Sundays, entailing excessive condensation losses of more 
than one-third of the steam which can be accounted for 
as entering into actual production. With the entire elimi- 
nation of a large part of the high-pressure steam pipes 
and a reduction in the sizes of those remaining, not only 
will the condensation losses be decreased, but it will be 
possible to shut off the live-steam system entirely when 
steam at that pressure is not required for high-temperature 
and boiling operations. Boiling operations carried on at 
night can be served from a comparatively small live-steam 
main run directly from the boiler house. It is most im- 
portant to eliminate every foot of pipe that is not absolutely 
essential and keep steam out of that part of the piping 
system where it is not needed after the day’s work is over. 

Again, finishing machines, operated at varying speeds, are 
subject to many interruptions and are started and stopped 
or slowed down and speeded up many times daily. Accurate 
speed control is much simplified by the use of individual 
variable-speed motor drive. 


Commerce Department Establishes Heavy 
Machinery Industrial Division 


The United States Department of Commerce has an- 
nounced the establishment of a Heavy-Machinery Industrial 
Division to operate under the direction of Walter H. Rastall, 
of Dayton, Ohio. The division will take up: the problems 
connected with the marketing of American heavy machinery 
throughout the world. It is believed that while the grow- 
ing spirit of nationalism in many countries may hinder 
the purchase of certain American goods it will improve 
the situation for American heavy machinery. This is based 
on the knowledge that these countries must purchase heavy 
machinery in order to be able to manufacture other prod- 
ucts where they desire to be independent of foreign sources 
of supply. It is believed that this new division will be able 
to render substantial aid to American manufacturers in 
finding an outlet for their heavy machinery. 

Mr. Rastall is a graduate of Cornell University and a 
mechanical engineer. He has had much practical experi- 
ence in marketing machinery, both in this country 
and abroad, and has just finished an investigation of the 
markets for American machinery in the Far East. He will 
keep in close touch with the manufacturers of heavy 
machinery in this country with the idea of rendering any 
service possible in connection with the marketing of their 
products in foreign countries. 


The Hetch Hetchy Power Project 


Work is progressing rapidly on the Hetch Hetchy tunnels, 
which are to supply water to San Francisco, Cal. It is 
expected that the first block of Hetch Hetchy power, 
amounting to about 66,000 hp., will be available in two and 
a half years. This power is to be developed in the Mocasin 
Creek plant. The Pacific Gas and Electric Co. is con- 
sidering the question of purchasing this entire block of 
power outright. If the company can be assured of this 
pewer, some of its development work can be deferred. 
If the city desires to bring the power to San Francisco, 
it must build approximately 150 miles of transmission line. 
There would also be need of a distribution system if the . 
power were to be used for street lighting and industrial 
service generally. 


A concession for the exploitation of considerable deposits 
of oil sands and bituminous and carbonaceous shales inter- 
calated with sand deposits in the Canton of Geneva has been 
taken over by an Anglo-Swiss undertaking. The area of 
this concession covers a surface of approximately 12,000 
acres, and it is being worked principally for the extraction 
of oil from bituminous sandstone. This stone contains up 
to 20 gal. of oil to the ton from the surface, and as the 
works proceed in depth it is expected that the yield will 
be much greater. A plant is to be erected capable of treat- 
ing 200 tons of this sandstone per day. It is confidently 
asserted that petrol will be found, and borings have already 
begun with this object in view.—The Engineer. 
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Washington News 


News of Water-Power Projects and New Applications 
—Optimism Advised by Comptroller 


By PAUL WoOTON 
Washington Correspondent 


Based on data submitted by the applicants, the Federal 
Power Commission has issued the following statements in 
regard to the project of the Roanoke River Development Co., 
of Richmond, Va., and the Granite Falls Manufacturing 
Co., of Hickory, N. C.: 

The Roanoke River Development Co., of Richmond, Va., 
has been granted a preliminary permit for a power project 
to be located at Buggs Island in the Roanoke River, near 
Clarksville, V2. The company has two years to investigate 
thoroughly the proposed development, which is planned to 
consist of a dam 60 ft. high across the river, and a power 
house located at the dam, by which means 10,000 primary 
horsepower can be developed, as well as a secondary develop- 
ment aggregating perhaps 50,000 hp. The primary power 
will be used for general public-utility and industrial pur- 
poses, and the secondary power will be used in operating 
chemical plants in Richmond. An unusual feature of the 
project investigation will be study of the effect that im- 
pounding waters of the river in its upper reaches will have 
upon the flow of the stream lower down. 

The commission recently issued a preliminary permit to 
the Granite Falls Manufacturing Co., of Hickory, N. C., 
for a power development on Wilson Creek, in the north- 
western part of the state. The project will serve the City 
of Lenoir, situated on a branch of the Southern Norfolk & 
Western R.R., with hydro-electric power for its textile 
mills and furniture factories. In output of furn:ture Lenoir 
is rated third in the United States. The city’s industries 
now depend on steam-generating plants for power, which is 
very expensive because of the remoteness of the city from 
coal-mining regions. 

There are to be three dams, respectively 34, 40 and 60 ft. 
in height, each to be connected by a short conduit to a power 
house. Sufficient water is available to warrant the instal- 
lation of generating machinery with capacity of 5,000 hp. 
The company will make accurate surveys of the sites for 
dam foundations and will compile stream-flow records. It 
has a year within which to obtain and file data preliminary 
to a license for the project. 


NEw WATER POWER APPLICATIONS 


Recently received applications include, among several of 
lesser interest, the following: Northern States Power Co., 
Minneapolis; preliminary permit; power project, United 
States Lock and Dam No. 1 at St. Paul, Mississippi River; 
16,000 hp. (all in conflict) ; public utility. Portland Railway, 
Light and Power Co., Portland, Ore.; preliminary permit; 
dam in Clackamas River, tunnel four miles to Oak Grove 
Creek; public utility. Excelsior Water and Mining Co., 
Sacramento, Cal.; preliminary permit; three reservoirs, 
tunnel, conduit, six power houses; 116,800 hp. (39,000 hp. in 
conflict) ; public atility. 


“Back TO WorK” PoLicy ADVISED 


In the course of his address before the National Associa- 
tion of Supervisors of State Banks at Philadelphia, Aug. 5, 


the Comptroller of the Currency, D. R. Crissinger, among 
other things said: 


There is nowadays entirely too much exploration of indus- 
trial and commercial graveyards. Too much attention is 
being paid to the mistakes of the past and too little construc- 
tive thought to the future. 

Instead of looking for holes in which to fall, we need to 
concentrate our thought and energy to ascending the hill 
just ahead. The inspiration to do, to go, to be off, will 
bring progress and prosperity. To promote this sentiment, 
let the resources of the banks be used in starting a new 
industry and business. You cannot capitalize the mistakes 
of the past, but stock in the future of our country will yield 
generous dividends. 

Those who have been optimists, those who have played the 
bull side of the market in America, have always been the 
winners in this country. Not in two thousand years of well- 
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recorded history has there been a time when any country 
so securely held leadership and domination. So far as we 
are privileged now to see, the future is ours. Let us have 
confidence in ourselves and in one another, and we shall 
surely realize the utmost that our hopes and aspirations have 
pictured to us. 


Universal Craftsmen Council of 
Engineers Convention 


The Universal Craftsmen Council of Engineers held its 
nineteenth annual convention at Toronto, Canada, during the 
week beginning Aug. 1, with headquarters at the King 
Edward Hotel. 

The sessions of the delegates were held in one of the ban- 
quet halls of the hotel. The association boasts a mem- 
bership of 12,000. Besides the representatives of the four 
councils in Canada there were present delegates from as 
far west as Seattle, Wash., and as far south as Fort Worth, 
Tex. This was the first meeting of the organization held 
in Canada, and a vote of thanks was extended to the effi- 
cient local committee and to the members of the Ladies’ 
Auxiliary of Canada for the completeness of the arrange- 
ments. One of the important items of business brought 
before the council was the advisability of extending the 
membership to all branches of the engineering trade, includ- 
ing electrical operatives. After considerable discussion this 
subject was referred to the membership committee for final 
decision. Many prominent engineers were in attendance as 
delegates and guests. 

The Pompeian Room of the King Edward Hotel was 
tastefully decorated with American flags and Union Jacks 
and conveniently arranged in booths for the mechanical 
exhibit. Sixty engineering firms, including British, Can- 
adian and American, occupied the spaces, in the display of 
power-plant equipment and devices, and attracted the atten- 
tion of numerous patrons, especially in the evenings. 

On Tuesday morning the opening ceremonies of the con- 
vention were held, with L. J. Cudbird presiding. After the 
invocation by Rev. F. E. Powell, Mayor Church welcomed 
the convention to Toronto. E. M. Carleton made a short 
address on the Masonic fraternity and R. C. Harris, of the 
Board of Trade of Toronto, told of the mechanical indus- 
tries and business enterprises of the city. The necessary 
committees were then appointed and the convention ad- 
journed to the Pompeian Room for the official opening of the 
exhibition. ; 

During the week there were several features of enter- 
tainment, including auto rides, shopping trips, a dance at 
Sunnyside Pavilion and a picnic at Island Park. 

On Friday morning memorial services were held for mem- 
bers who had passed away during the year. 

On Friday evening the convention was brought to a close 
with a banquet in the main dining hall of the hotel. After 
the appetizing dinner was served, the following addresses 
were made: “The Grand Council,” H. E. Terry, past worthy 
chief, and W. G. Warfield, worthy chief; “The Ladies’ Grand 
Council,” Mrs. G. Aldridge and Mrs. J. H. Nicholls; “Tor- 
onto,” T. C. McAree and Russel Nesbitt; “The Exhibitors,” 
R. H. Flett and Edward Flanagan; “The Press,” H. Parker 
and T. H. Fenner. During the evening selections were given 
by Fred McLean, Charles Leslie, James Reid and Sandy 
Grant. 

At the closing session of the delegates the following grand 
officers were elected and installed: W. G. Warfield, chief, 
Newark, N. J.; J. M. Patton, assistant chief, New York; 
G. Crown, warden, Pittsburgh, Pa.; N. W. Law, guard, 
Princeton, N. J.; P. H. Early, chaplain, Milwaukee, Wis.; 
Walter H. Damon, Springfield, Mass., E. H. Bade, Chicago, 
and L. J. Cudbird, Toronto, board of trustees. 


The next convention will be held in Cleveland, Ohio, the 
first week in August, 1922. 


A bulletin issued by the United States Department of 
Commerce contains the statement that, at a recent electro- 
technical exhibition in Germany, Krupp exhibited an electro- 
magnetic process for recovering coal and coke from the 
residue taken from hard-coal furnaces. The announcement 
gives no hint as to how this recovery is accomplished. 


Augus 


Po 


The 
succes 
among 
pany 
campa 
its cor 
stockh 
figure 
of 3,51 

In 1 
utiliti 
tically 
of the 
pectec 
again 


DIE 


Im 
é ress 
Italy, 
soon 
ply 
resou 
by tk 
and | 
of 4, 
panie 
000 | 
par \ 
by tl 
that 
($23 
and 
com] 
a fu 
resp 

— 
wat 
and 
the 
Ger 
MA 
B 
\ Trot 
plai 
adj 
wit 
dire 
eve 
the 
IN’ 
pri 
ag) 
He 
the 
tio 
ine 
me 
tio 
tr: 
sh 
/ su 


Vs 


August 16, 1921 


Popular Ownership of Public Utilities 


in the Southwest 


The Southern California Edison Co. has had considerable 
success in a campaign to secure wide distribution of its stock 
among the small consumers of power. On June 24 the com- 
pany completed the fifth month of its new stock-ownership 
campaign, at which time it had sold $7,985,000 par value of 
its common stock. In 1917 the company had a total of 1,864 
stockholders, whereas it now has 17,500. Included in this 
figure are 2,955 employees out of a total permanent payroll 
of 3,500. 

In these days, when there is so much regulation of public 
utilities, it is evident that wide distribution of stock prac- 
tically assures a company of the immensely helpful backing 
of the general public. At the same time it would not be ex- 
pected that this arrangement would in any way operate 
against the interests of the non-stockholding public. 


Electrical Progress in Italy 


Improved labor conditions have enabled considerable prog- 
ress to be made in hydro-electric construction throughout 
Italy, and both railways and industrial establishments will 
soon derive advantage from the provision of a cheaper sup- 
ply of power. Whereas in 1915 Italy’s electric power 
resources amounted to 2,500,000,000 kw.-hr. per annum, and 
by the end of 1918 had increased to between 3,600,000,000 
and 3,700,000,000 kw.-hr., the provision today is in excess 
of 4,000,000,000 kw.-hr. The capital of the electric com- 
panies has advanced during the same period from 600,000,- 
000 lire to 1,500,000,000 lire ($116,000,000 to $290,000,000 
par value). It is estimated that the new capital represented 
by the additional plants and those arranged for will mean 
that approximately a further sum of 1,200,000,000 lire 
($230,000,000 par) will have been invested. Between 1915 
and 1920 new hydro-electric plants totaling 265,000 hp. were 
completed, while those now under construction will provide 
a further 400,000 hp. Should expectations be realized in 
respect of all the projects arranged for, at the end of 1923 
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there should be a further 1,000,000 hp. available for power 
and lighting purposes. 

Not the least remarkable feature of the electric industrial 
position in Italy is the almost complete elimination of Ger- 
man interests, notwithstanding the fact that before the war 
the Teutons practically controlled the market. By far the 
largest amount of electrical goods was obtained from Ger- 
many, while the control exercised through the banks was 
sufficient largely to exclude both French and British par- 
ticipation. Much has undoubtedly been learned from the 
Germans, whose highly centralized financial régime enabled 
them so long and so well to hold the monopoly. It is pro- 
posed that hereafter Italy shall produce almost the whole 
of her own requirements in electrical material, and there is 
a strong movement toward patronizing home trade only.— 
The Engineer. 


Offers which have been made recently to the Engineering 
Foundation, if supported by financial assistance, will make 
possible an extensive research in hydraulics. One of the 
largest hydraulic power companies in America has offered 
to co-operate with the Engineering Foundation by making its 
valuable facilities available in any way in which they can 
be properly used, and an eminent hydraulic engineer has 
also offered his advice in conducting such a research. To 
take advantage of this opportunity, the Foundation states 
that it needs a special fund of not less than $25,000 a year 
for a number of years. Further information may be ob- 
tained from Alfred D. Flinn, secretary of the Founda‘ion, 
29 West 39th St., New York City.—Mechanical Engineering. 


According to a recent bulletin of the Bureau of Standards 
a thorough investigation is under way in the Metallurgical 
Division dealing with the micro-changes that occur during 
the tempering of hardened steels. Some idea of the work 
involved in this investigation may be gained when it is 
remembered that it is necessary to take hardness measure- 
ments and make microscopic examination of all the speci- 
mens of each type of steel for each tempering treatment. 
Over 800 specimens are involvcd in the investigation, and 
the time necessary for polishing is considerable. 


New Publications 


PROCEEDINGS OF THE TWELFTH AN- 
NUAL CONVENTION OF THE IN- 
TERNATIONAL RAILWAY FUEL 
ASSOCIATION, Chicago, Ill, May 24- 
25. Published by the International 


Personals 


DIE. AUSNUTZUNG DER WASSER. 
KRAFTE: by E. Mattern, Technische 
Hochschule, Berlin. Published by 
Wilhelm Engelmann, Leipzig, Germany. 
Cloth; 7% x 103 in.; 1,005 pages; 349 
illustrations. 

This is the third edition of a treatise on 
water power. The book is very exhaustive 
and shows knowledge of the progress of 
the art in other countries, as well as in 
Germany. 


MAKING ADJUSTMENTS ON THE 
FULTON-CORLISS VALVE GEAR 
Bulletin No. 300, issued by the Fulton 
Iron Works Co., St. Louis, Mo. This ex- 
plains in detail and with illustrations the 
adjustment of the valves of Corliss engines 
with single or double eccentrics. The 
directions are very plain and explicit, and 
the bulletin should be in the library of 
every steam engineer. It may be had for 

the asking. 


INVESTIGATION OF WARM AIR FUR- 
NACES AND HEATING SYSTEMS. 
University of Illinois Bulletin 120, by 
A. Willard, A. T. Kratz and V. S. 
Day. Published by the Engineering 


Experiment Station, University of 
Illinois, Urbana, Ill. Paper; 6 x 9 in.; 
137 pages. Price, 75 cents. 


This bulletin is the second report of 
Progress under the present co-operative 
agreement between the National Warm Air 
Heating and Ventilating Association and 
the University of Illinois, for an investiga- 
tion of warm-air furnaces and furnace heat- 
ing systems. The tests described were 
made under conditions corresponding as 
closely as possible to those of actual opera- 
tion. The pamphlet is very fully _illus- 
trated with photographs and diagrams 
showing the apparatus used and the re- 
sults obtained. 


Railway Fuel Association, Chicago, 
Ill, Cloth 6 x 9 in.; 410 pages. 


This book covers in detail the proceed- 
ings of the convention and includes steno- 
graphic reports of all the discussions. The 
following subjects are discussed at consid- 
erable length: Sub-bituminous and lignite 
coal; pulverized fuel; feed-water heaters 
(both waste-gas and exhaust-steam);: oil 
burning; flat-end grates and ash pans; 
economic aspect of the fuel-oil situation; 
use of carbonized bituminous coal; firing 
practice; fuel saving. All of the forego- 
ing are, of course, discussed entirely from 
the point of view of locomotive use. How- 
ever, the discussion brings out many prac- 
tical points of interest to power plant en- 
gineers. The book closes with a list of 
members of the association. 


HIDES AND SKINS AND THE MANU- 
FACTURE OF LEATHER 

In this pamphlet of 78 pages, by James 
Paul Warburg, the process of _leather- 
making is described from the layman's 
viewpoint. Non-technical language and many 
illustrations make the explanations easy to 
understand. Copies_will be furnished on 
application to the Commercial Service De- 
Sao. First National Bank, Boston, 

ass, 


Obituary 


Major Louis A. Fisher, chief of the di- 
vision of weights and measures of the Bu- 
reau of Standards, died recently at his 
Washington home at the age of 57. Major 
Fisher served for a long time in the old 
Weights and Measures office of the Coast 
and Geodetic Survey and was put in charge 
of the Division of Weights and Measures 
when that branch of the Bureau of Stand- 
ards was established in 1910. 


R. J. Andrus is now with the Middle 
West Utilities Co., of Chicago, having left 
the Central Power Co., Grand Island, Neb. 


George A. Ironside is now assistant 
superintendent of the Hydro-Electric Power 
Commission, Cameron Falls, Nipigon, On- 
tario. He was formerly chief operator and 
maintenance engineer of the Akitiki Power 
and Paper Co., Iroquois Falls, Ontario. 


Business Items 


Ford, Bacon & Davis have opened an 
office at 1421 Chestnut St., Philadelphia. 


The Celite Products Co. has announced 
that E. S. Crosby, formerly sales and ad- 
vertising manager for the United States 
and Cuban Allied Works Engineering Cor- 
poration, has been made manager of the 
Eastern District of the Celite Products 
Co. and will make his headquarters at 11 
Broadway, New York City. 


Trade Catalogs 


The Bury Compressor Co., Erie, Pa., has 
issued Bulletin 407 describing the Bury, 
three-cylinder. two-stage, variable volume, 
electrically driven air compressors. Among 
the novel features of the compressors are 
the pyramid valves that provide excep- 
tionally large port area and a system of 
unloading that throws out the two low- 
pressure cylinders in four steps, one cylin- 
der-end at a time. 
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FUEL PRICES 


BITUMINOUS COAL 


The following table shows the trend of the spot 
steam market in various coals (mine-run basis, f.o.b. 
mines) : 


Market Aug. 2, Aug. 9, 

Coal Quoting 1921 1921 
Pool |, New York $3.15 $3.00@3.25 
Pocahontas, Columbus 3.15 2.75@3.00 
Clearfield, Boston 1.90 1.65@2.15 
Somerset, Boston 1.75 1.50@1.90 
Pittsburgh, Pittsburgh 2.10 2.00@2.15 
Kanawha, Columbus 2.00 2.00@2.25 
Hocking, Columbus 2.39 2.25 
Pittsburgh No.8 Cleveland 2.30 2.25@2.35 
Franklin, Ill., Chicago 3.15 2.75@3.55 
Certral, UL, Chicago 2.25 1.90@2.50 
Ind. 4th vein, Chicago 3.10 2.90@3.25 
Standard, St. Louis 1.70 1.75 

ig Seam, irmingham c 

Big! Ky., Louisville 2.35 2.15@2.40 


FUEL PRICES— 

New York—On Aug. 10, Port Arthur 
light oil, 22@25 deg. Baume, 4kc. per gal. 
30@35 deg. 5ic. per gal. f.o.b. Bayonne, 
N. J. 

Jul 23, for 24@28 deg. 
40@ per bbl.; 32@34 deg. 
13@1hc per gal. in tank cars f.o.b. Okla- 
homa refinery, or freight adjusted. 
urgh—On Aug. 8, f.o.b. refinery; 
36@40 deg., 3ic. to 34c. 
Oklahoma, 24@30 deg. 40c. per bbl., gas 
oil, 32@34 deg., per 36@38 
deg., 11}@14c. 38@40 deg. 134 @1 3c. 

St. Louis—Aug. 6, prices f.0.b. cars, tank 
lots: 24@26 deg. Baumé, 35c. per bbl. ; 26 
@28 deg., 35¢c.; 28@30 deg. 40c.; 32@34 
deg. 1%c. per gal. 

hia—On Aug. » 26@2 deg. 
50c. per bbl.; 30@34 
deg., Oklahoma (group 3) 75e. per bbl.; 
16@20 deg. Seaboard, 3c, per gal. 

Cincinnati—Aug. 8, for 22@28 deg. 
Baumé, 3c. per gal. 

Cleveland—July 29, for 22@28 deg. 
Baumé, 5c. per gal. 


New Construction 


PROPOSED WORK 


N. J., Camden—The Bd Educ., City Hall, 
will receive bids until Aug. 22 for motors, 
switchboards and 35 KW. generator for 
high school on Blvd. 


Pa., Chester—The St. James R. C. Hos- 
pital is having revised plans prepared for 
a 4 story, 108 x 112 ft. hospital. About 
$250,000. F. F. Durang, 1220 Locust St., 
Philadelphia, Archt. Noted June 14. 


Pa., Philadelphia—The city plans to 
build 2 new power plants in addition to one 
now under construction on Fairmount Ave. 
to furnish power for the Frankford ele- 
vated system. About $1,000,000. 


Pa., Philadelphia — The Jones Machine 
Wks., 53d St. and Landowne Ave. is in the 
market for one 80 hp. and one 125 to 150 
hp. oil engines with generators and switch- 
boards (used or new). 


Pa., Philadelphia—The trustees of Tem- 
ple University, Broad and Berks Sts., will 
soon award the contract for a 6_ story, 
100 x 150 ft. university at Broad St. and 
Montgomery Ave. About $300,000. P. H. 
Johnson, Presser Bldg., Archt. 


Pa., Pittsburgh—B. Jansen, Archt., “en- 
tury Bldg., will soon award the contract 
for a 7 story, 120 x 250 ft. department 
store on Stanwis and Duquesne Way, for 
Joseph Horne Co., Manufacturers Bldg. 


D. C.. Washington—R. W. Geare, Wood- 
ward Bldg., is preparing plans for a 10 
story bank, theater and office building. 
About $2,500,000. Owner’s name withheld. 


Va., Roanoke—The Superior Anthracite 
Coal Corp., P. O. Box 106 Koger, 
Secy., is in the market for a gasoline motor 
and 80 to 100 hp. hoisting engine. 


Fla., Lake City—Treasury Dept., J. A. 
Wetmore, Supervising Archt., Wash., D. C., 
will receive bids until Aug. 30 for 2 sem 
ambulant quarters, a laundry and a_re- 
frigerating plant for the United States Pub- 
lic Health Service Hospital here. 


POWER 


Tenn., Nashville—G. Norton, Archt., In- 
dependent Life Bldg., will receive bids un- 
til Aug. 29 for an office building on 7th 
and Union Sts. for The Natl. Life and Ac- 
cident Co., 302 7th Ave. About $700,000. 
Heating system will be let by separate 
contract. 


0., Cincinnati — The Hyde Park Dairy 
Co., 3755 Edwards Rd., is receiving bids 
for a 2 story, 32 x 85 ft. dairy. About 
$40,000. Ice machine will be installed. H. 
W. Voelz, 86 Michigan St., Milwaukee, Wis., 
Archt. 


0., Cleveland—Conrad, Baisch & Kroeble 
Co., 7318 Wade Park Ave., plans to build 
a 5 story, 50 x 200 ft. commercial building, 
including a steam heating system on Euclid 
and East 82d Sts. About $300,000. A. J. 
Conrad, Pres. Architect not announced. 


O., Cleveland—The County Comrs. plan 
to build a pumping station and a 1,500,000 
gal. reservoir near Wooster Pike and Brook 
Park Rd. About $375,000. R. F. Mac- 
Dowell, Court House, Engr. 


0., Cleveland—The Ohio State Mortgage 
Co., c/o Allen Osborn Co., Archts., Rose 
Bldg., has purchased site and plans to 
build a 12 story office building on East 9th 
St. and Huron Rd. About $1,000,000. 


Ind., Indianapolis — The city is having 
plans prepared for a 128 x 192 ft. swimming 
pool, capacity 610,000 gal., and will require 
equipment, including motors, pumps, etc. 
About $60,000. W. Bintz, 1713 South Gene- 
see Drive, Lansing, Mich., Engr. 


Mich., Detroit—The Street Ry. Comn., 
Murphy Bldg., will soon award the con- 
tract for a 1 and 2 story car house on St. 
Jean Ave. About $1,000,000. Separate bids 
will be taken on heating and power includ- 
ing 3 horizontal cross drum water tube 
boilers, 250 hp. each, automatic stokers, etc. 


Ill., Bloomington—The Illinois Wesleyan 
College, c/o T.. Kemp, Pres., plans to build 
a college to include library, gymnasium, 
auditorium, dormitory, school building and 
steam heating plant. About $700000. A. 
L. Pillsburzg, Archt. Noted June 28. 


Ill., Chieago—Treasury Dept., J. A. Wet- 
more, Supervising Archt., Wash., 3 his 
will receive bids until Aug. 25 for a pump- 
ing plant and 2 deep wells at the United 


States Pubiic Health Service Hospital No. 
2 here. 


Wis., Milwaukee—The School Bd. will 
soon award the contract for a 1 story, 30 
x 44 ft. boiler house and heating plant at 
Mound St. school. About $50,000. Van 
Ryn & De Gelleck, Coswell Blk., Archt. 


Wis., River Falls—The city, c/o G. 
Smith, Mayor, will soon award the con- 
tract for a pump house and filter basin, 
centrifugal or triplex pumps, motors and 
piping. About $20,000. 


Wis., Shorewood—The School Bd. rejected 
bids received July 29 for a high school ad- 
dition and heating plant on Atkinson St. 
Bids will be readvertised. Noted July 19. 


Ia., Le Mars—W. L. Steele, Archt., 502 
U. B. Bildg., Sioux City, will soon award 
the contract for a 4 story hospital on North 
Park St. for the Sisters of St. Francis. 
About $250,000. Noted Aug. 9 


Mo., Fulton—The Fulton State Hospital, 
c/o M. O. Biggs, Supt., plans to build a 
power house. About $40,000. Engineer 
not selected. 


Tex., San Antonio—The State Legislative 
Committee, Austin, has appropriated $100,- 
000 for the construction of a new power 
plant for the Southwest Texas Insane Asy- 
lum. Dr. J. G. Springer, Supt. 


Okla., Tulsa—The Silver Plume Lodge, 
Knights of Pythias, c/o Tulsa Pythian Bldg. 
Assn., H. L. Sanders, 544 Kennedy Bldg., 
plans to build a 10 story, 70 x 145 ft. office 
building on 12th and Main Sts. About $1,- 
00v,000. Architect not selected. 


Cal., San Diego— The Bureau of Yards 
and Docks, Navy Dept., Wash., D. C., will 
soon receive bids for installing four 150 hp. 
return tubular boilers and 2 vacuum pumps 
furnished hy the Government and furnish- 
ing and installing a feed water heater, 
storage tank, 2 boiler feed pumps, fuel oil 
pump and heater, 2 steel oil storage tanks, 
structural steel supports and concrete foun- 
dations for all equipment, concrete floor for 
boiler plant, brick settings for four 150 hp. 
return tubular boilers, concrete trenches, 
hall accessories and complete piping systems 
for all equipment in the boiler plant at 
the Naval Base Hospital Reservation. 

Ont., Goderick—E. H. Darling, Ener., 
Home Bank Bldg., Hamilton, wants prices 
on gasoline pumping equipment in connec- 
tion with proposed chlorination and filtra- 


tion plant here. About $10,000. Noted 
June 728. 
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Ont., Windsor—The Bell Ice Co., 418 
Albert St., is in the market for ice man- 
ufacturing machinery. 


Ont., Windsor—The Essex Provision (o., 
1120 McDougall St., will soon award the 
contract for a 2 story, 125 x 400 ft. cold 
storage plant, including refrigeration ma- 
chinery. About $600,000. 


Man., Winnipeg — The Winnipeg School 
Bd. received bids for the installation of a 
stem heating system in_ the proposed 
college which they plan to build on Alver- 
stone and Wellington Sts. from, Collier 
Bros., Fort and St. Marys Sts., $128,658. 
Bowyer Boag Ltd., 45 Olivia St., $130,580, 
and Greene & Litster Ltd., 237 Fort St., 
$131,000. Noted July 12. 


CONTRACTS AWARDED 


Mass., Everett—The Malden Electric Co., 
139 Pleasant St., will build a sub-station 
at Broadway and Oakland Ave. Contract 
was awarded to C. H. Tenney & Co., En- 
Pape 201 Devonshire St., Boston. About 


N. Y., Iona Island—The Bureau of Yards 
and Docks, Navy Dept., Wash., D. C., has 
awarded the contract for improvements to 
power plant at the naval ammunition de- 
pot here to Lord Constr. Co., 105 West 


40th St., New York City, $20,939. Noted 
Aug. 9. 


Pa., Philadelphia—The Walnut St. Savings 
and Trust Co., c/o H. C. Hogens, Archt., 
130 South 15th St., has awarded the con- 
tract for a 7 story, 94 x 118 ft. office and 
bank bldg., including a steam heating sys- 
tem at Juniper and Walnut Sts., to the 
Penn Realty Constr. Co., care of architect, 
cost plus percentage basis. Noted Aug. 2 


N. C., Greensboro — The North Carolina 
College for Women has awarded the con- 
tract for 3 dormitories and addition to 

resent building to J. A. Jones Constr. Co., 


ealty Bldg., Charlotte, $364,200. Noted 
June 21. 


Fla., Lakeland — The Federal Ice Co., 
Blue Island Ave., has awarded the contract 
for a 2 story, 100 x 350 ft. ice plant to 
Bloom Suick Co., City Hall Sq. Bldg., Chi- 
eago, Ill. About $250,000. 


0., Dayton—The Bd. Educ., has awarded 
the contract for a school on Jackson St., 
to Drummond & Miller, 4500 Euclid Ave., 
Cleveland, $347,150. Heating system to W. 
Haas, 429 East 3d St., $13,674. 


0., Dayton— The Sisters of Precious 
Blood, 305 Xenia Ave., have awarded the 
contract for a 3 story convent and chapel 
on Salem Pike to Danis-Hunt Constr. Co., 
907 Schwind Bldg., $850,000. 


Alton—The state, c/o Alton State 
Hospital, Dr. G. A. Zellar, has awarded 
the contract for a hospital to include six 
1 and 2 story hospital buildings to Modern 
System Constr. Co., Commercial Bldg. 
About $250,000. 


Iil., Dahlgren—The city will build a 1 
story addition to electric light and power 
plant. About $25,000. Noted May 10. 


Wis., Sheboygan — The Security Natl. 
Bank has awarded the contract for a 7 
story, 80 x 108 ft. bank and office bldg. to 
P. Riesen’s Sons, 1018 Humbolt Ave., Mil- 
waukee. About $600,000. Noted May 23. 


Mo., Kansas City—M. D. Woodling, Re- 
liance Bldg., has awarded the contract for 
a_ 10 story, 100 x 124 ft. public garage at 
1219 Wyandotte St. to Fogel Constr. Co., 
Reliance Bldg. About $600,000. 


Mo., St. Louis— The Excelsior Laundry 
Co., c/o G. P. Shaum, Grand and Bell Sts., 
has awarded the contract for a 2 story, 119 
x 127 ft. laundry and power plant on Grand 
and Washington Sts. to Fruior Colon Constr. 


Co., Merchants Laclede Bldg. About $200.- 
000. Noted May 3. 


Cal., Los Angeles—Klein-Norton Co., 253 
South Los Angeles St., has awarded the 
contract for a 12 story, 69 x 200 ft. loft 
building on 7th and Wall Sts. to the United 
States Constr. Co., Hellman Bldg. About 


$500,000. Steam heating system will be in- 
stalled. 


Ont., London—The city has awarded the 
contract for electrically driven sewage 
pumps to the Northern Foundry Co., 88 St. 
David St., Saulte Ste Marie, $9,378. 


Ont., Ottawa — The city, F. H. Plant, 
Mayor, City Hall, has awarded the contract 
for a 5 story, hospital on Carling and 
Parkdale Aves., to <A. Garock, Regen: 
Theater Bldg., about $2,500,000. A vacuum 
steam heating system will be installed. 


